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SPECIFICATION 

TITLE OF THE INVENTION 

Method and Device for Discharging Fluid 



BACKGROUND OF THE INVENTION 

The present invention relates to fluid 
discharging method and device for very small flow rates 
required in such fields as information/precision equipment, 
machine tools, and FA (Factory Automation), or in various 
production processes of semiconductors, liquid crystals, 
displays, surface mounting, and the like. 

For liquid discharging devices (dispensers), 
which have hitherto been used in various fields, there has 
aris en a growing demand for a technique of feeding and 
controlling very small amounts of fluid material with high 
precision and high stability, against the background of 
recent years' needs for smaller-size electronic components 
and higher recording density. For example, in the fields 
of plasma displays, CRTs, organic EL, or other displays, 
there has been a great demand for direct patterning of 
fluorescent material or electrode material on the panel 
surface without any mask instead of conventional screen 
printing, photolithography, or other like methods. 

issues of dispensers for those purposes can be 
summarized as follows: 
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© scale-down of application amount, 
<Z> Higher accuracy of application amount, and 
® Reduction of application time. 

The machining accuracy in machining work has been 
moving from micron into submicron orders. Whereas the 
submicron machining is commonly used in the field of 
semiconductor and electronic components, the demand for 
ultraprecision machining has been rapidly increasing also 
in the field of machining work that has been making 
progress along with mechatronics . In recent years, along 
with the introduction of the ultraprecision machining 
' technique, electromagnetostriction devices typified by 
ultra-magnetostriction devices and piezoelectric devices 
have been coming to be applied to micro actuators. With 
5 one of these electromagnetostriction devices used as a 
generation source for fluid pressure, there has been 
proposed an injection device for injecting very small 
amounts of droplets at high speed. For example, a method 
of injecting one arbitrary droplet with an ultra- 
10 magnetostriction device is disclosed in Unexamined Japanese 
Patent Publication No. 2000-167467. Referring to Fig. 24, 
reference numeral 502 denotes a cylinder made of a 
nonmagnetic material such as glass pipe or stainless pipe. 
At one end portion of this cylinder 502 is formed an 
25 injection nozzle 504 having a liquid storage portion 503 



and a .mute inaction port. Inside the cylinder 502, an 
actuator SOS made c £ a bar-shaped ultra-magnetostriction 
ma terial is accomodated so as to be movable. A piston 506 
i. contactably and separably provided at an end portion of 
the actuator 505 suited for the injection nozzle 504. 

Between the other end portion of the actuator 505 
and a stopper 507 of the one end portion of the cylinder 

• „ ™« is interposed so that the actuator 505 is 
502, a spring 508 is incext," 

bi ased by the spring 503 so as to be moved forward. Also, 
a coil 509 is wound at a position near the piston 506 on 
the outer periphery of the cylinder 502. 

!» the injection device having the above 
construction, a current is instantaneously passed through 
the coil 509 so that an instantaneous magnetic field acts 
on the ultra-magnetostriction material, by which an 
instantaneous transient displacement due to an elastic wave 
i. generated at an axial end portion of the ultra- 
magnetostriction material. By the action, it is described, 
the liguid filled in the cylinder 502 can be injected from 
the nozzle 504 as one minute droplet. 

As the dispenser, conventionally, such a 
dispenser employing the air pulse system as shown in Fig. 
25 has been widely used, and this technigue is introduced, 
tor example, in ■ Oidoxa-Gijutsu .Mechanical Automation,, 
5 Vol. 25, No. 1, '93" etc. 



A dispenser of this system applies a constant 
a.ount of air supplied fro. a constant-pressure source into 
the interior 60! of a vessel 600 (cylinder) in a pulsed 
manner and then discharges fro. a nozzle 602 a certain 
amount of li^id corresponding to a pressure increase rn 

the cylinder 600. 

with an aim of high-speed intermittent 

v, a rUstsenser as shown in Fig. 26 
application, such a dispenser 

hereinafter, referred to as "Jet system" for convenience' 
saxe, has already been put into practice. Reference 
numeral 550 denotes a micrometer, 551 denotes a spring, 552 
denotes a seal member of the piston, 553 denotes a piston 
chamber, 554 denotes a heater, 555 denotes a needle, 556 
denotes an application material flowing toward a sheet 
portion, and 557 denotes a dot-shaped application materral 
which flies from the dispenser. Figs. 27A and 27B are 
mo del views showing a discharge portion proximity 556 of 
Fig. 26, where Fig. 27A shows a suction process and rig. 
27B shows a discharge process. Numeral 559 denotes a 
spherical-shaped convex portion 559 formed at a discharge- 
side end portion of the needle 555, 560 denotes a discharge 
tip portion, 56! denotes a spherical-shaped concave portion 
formed at this discharge tip portion 560, and 562 denotes a 
discharge nozzle. Numeral 563 denotes a pump chamber 
formed by the spherical-shaped convex portion 559 and 
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concave portion 561. 

herring to Fig. 27*, Which shows a. suction 
process, when the feed air pulse of the piston chafer 553 
ls ON/ the needle 555 .eves up against the spring 551. In 
this case, a suction portion 564 forced between the 
spherical-shaped convex portion 559 and concave portion S«l 
ls opened, an application material 556 is filled fro, the 
suction portion 5*4 into the pu»p chafer 563. Kef erring 
to Fig. 27B, which shows a discharge stroke, when the arr 
pulse is OFF, i.e., when no air pressure is applied to the 
piston chafer 553, the needle 555 is moved down by the 
t orce of the spring 55!. In this case, the suction portion 
S64 is shielded, and the fluid within the pump chafer 563 
is compressed by the tightly closed space excluding the 
discharge norsle 562, thus generating a high pressure and 
making the fluid fly and flow out. 

The re has been being made development for 
applying the ink Jet system, which has been widely used as 
consumer printers, to application devices for industrial 
US e. herring to Fig. 28, which shows a prior art example 
ot a head portion in an ink Jet recording device 
unexamined Japanese Patent Publication No. 11-10866,, 

gc>9 Hpnotes an oscillation 
numeral 651 denotes a base, 652 denotes 

a backed-type piezoelectric element, 
plate, 653 denotes a stacked ryp« v 

set rfpnotes a common ink 
5 654 denotes an ink chamber, 655 denotes 



n ink flow passage (throttle portion) , 
chamber, 656 denotes an ink flow p 

657 denotes a nozzle Plate, ana 656 denotes a discharge 

nozzle. — • -tage U H- «- *• 

element 653 , which is a pressure applying - S h 

* i;^ makes the oscillation plate 6^ 

piezoelectric element 653 makes tn 

. „ rtp in v chamber 654 to be 

deformed thicknesswise, causing the ink 

4 1-v As a result, the fluid is 
decreased in capacity. As 

f vvp ink chamber 654 
co-pressed so that the pressure of 

In* passage 656 and reversed flow toward the c»» in* 

,- „f the fluid is discharged out 
chamber 655 while the rest of the flux 

to the atmosphere fro- the discharge nozzle 658. 

in the field of circuit formation, or xn the 

an d fluorescent-screen 
fields of electrodes, rxbs, and 

manufacturing processes of li^d crystals, optical dxsKs, 
otg anic EL, or the li*e, where higher precision and higher 

v. - inrreasingly demanded for those 
micro-fineness have been increasing y 

£i elds in recent years, the fluid material to he micro- 
finely applied is high-viscosity powder and granular 
material in many cases. For replacement of conventional 
methods with a direct patterning method using dispensers, 
the greatest issue is hew it can he practicable that very 
small amounts of high-viscosity powder and granular 
5 material containing fine particles having mean outside 



d iameters =1 severe ^cons to several tens of herons, 
exemplified by ^orescent material, electrically 
conductive capsules, solder, and electrode Material, are 
micr o-finely applied onto the object substrate at high 
speed and hi* precision and without causing closing of 
flow passages and moreover with high reliability. 

With regard to the fluorescent material-layer 

forming process of plasma display panels as an example, 

issue of the prior art are described below. 

<X> issues of screen printing method and photolithography 

method 

< 2 > issues in direct patterning of fluorescent material 
layer by conventional dispenser technique 

First, the issue <1> is explained. 
(1) construction of plasma display panel 

Fig. 29 shows an example of the construction of a 
plasma display panel (hereinafter, referred to as POP, . 
The PBP is composed roughly of a front side plate 800 and a 
r ear side plate 801. A plurality of sets of linear 
transparent electrodes 803 are formed on a first substrate 
802, which is a transparent substrate forming the front 
side plate 800. Also, on a second substrate 804 forming 
th e rear side plate 80!, a plurality of sets of linear 
electrodes 805 are provided parallel to one another so as 
; to be perpendicular to the linear transparent electrodes. 
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These two substrates are opposed to each other with 
interposition of barrier ribs 806 on which the fluorescent 
material layer is formed, and then discharge gas is sealed 
into the barrier ribs 806. When a voltage not lower than 
the threshold is applied to between the two substrates, 
electric discharge occurs at the positions where the 
electrodes perpendicularly cross each other, causing 
discharge gas to emit light, where the light emission can 
be observed through the transparent first substrate 802. 
Then, by controlling the discharge positions (discharge 
points), it becomes possible to display an image on the 
first substrate side. For color display by PDP, 
fluorescent materials which emit light of desired colors by 
ultraviolet rays radiated upon discharge at individual 
discharge points are formed at positions corresponding to 
the discharge points (partition walls of barrier ribs), 
respectively. For full-color display, fluorescent 

materials for R, G, and B, respectively, are formed. 

The constitution of the front side plate 800 and 
the rear side plate 801 is explained in more detail. 

As to the front side plate 800, a plurality of 
sets of linear transparent electrodes 803, each one set 
comprising two electrodes, are formed from ITO or the like, 
parallel to each another, on the inner surface side of the 
first substrate 802 formed of a transparent substrate such 



as a glass substrate. Bus electrodes 807 for reducing the 
line resistance value are formed on the inner-side surfaces 
of these linear transparent electrodes 803. A dielectric 
layer 808 for covering those transparent electrodes 803 and 
bus electrodes 807 is formed all over the inner surface of 
the front side plate 800, and a MgO layer 809 serving as a 
protective layer is formed all over the surface of the 

dielectric layer 808. 

On the other hand, on the inner surface side of 
the second substrate 804 of the rear side plate 801, a 
plurality of linear address electrodes 805 which 
perpendicularly cross the linear transparent electrodes 803 
o£ the front side plate 800 are formed in parallel from 
silver material or the liKe. Also, a dielectric layer 810 
for covering those address electrodes 805 is formed all 
over the inner surface of the rear side plate 801. On the 
dielectric layer 810, the address electrodes 805 are 
isolated and moreover the barrier ribs (partition walls) 
806 of a specified height are formed so as to protrude 
between the individual address electrodes 805 for the 
purpose of maintaining the gap distance between the front 
side plate 800 and the rear side plate 801 constant. With 
these barrier ribs 806, cells 811 are formed along the 
individual address electrodes 805, and fluorescent 
ro aterials 812 of respective R, 0. and B colors are formed 



one by one in the inner surfaces of the cells The PBP 

in cell structure comes in two types, one in which such 
discharge points as shown in Fig. » are provided one in 
each one independent ceil and the other in which the 

^r-f-ii-ioned by partition walls on an 
discharge points are partitioned oy p 

u i m recent years, the "independent 
array basis (not shown) . In recent y 

cell system" has been drawing attention as a system that 
aUows performance improvement of PDPs. The reason of this 

, • „ ^ cell with four-side barrier ribs in a 
is that enclosing the cell wiiu 

■it- risible to prevent optical 
waffle-like state makes it possible 

. • ^ ^nc as well as to increase the 
leakage between adjoining cells as wen a 

•A.. a result, the luminous 
area of the light emitter. As a result, 

efficiency and the emission amount (brightness, are 
increased so that a high-contrast image can be implemented, 
which is regarded as a characteristic of the "independent 
cell system". The fluorescent material layer formed on the 
cell wall surfaces is deposited generally to a thickness of 
ab out 10 - 40 um with a view to better coloring property. 
F0 r the formation of the R, O. and B fluorescent material 
la yers, a tluorescent-material use coating liguid is filled 
into each cell and thereafter dried, thereby maXing 
vol atile components removed, by which a thicK fluorescent 
m aterial is formed on the cell inner surface while a space 
£ or filling the discharge ,as is formed at the same time. 
s in order to form such a thicX-film fluorescent-material 
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pattern, the coating ttaterial containing a fluorescent 
material is prepared as a reduced-in-solvent-,uantity paste 
fl uid (fluorescer-^er use paste, having a high viscosity 
ot several thousands of mPas to severai tens of thousands 
o£ m Pas and, conventionally, applied to the substrate by 
screen printing or photolithography. 
(21 issues of conventional screen printing method 

With the conventional screen printing method 
adopted, a large-scaled screen size would cause a large 
elongation of the screen plate due to tensile force, making 
it harder to achieve high-precision alignment of the screen 
printing plate for the whole screen. Also, in filling the 
fluorescent material, the material might be placed even on 
the top portions of the partition walls, which would lead 
s to crosstab between barrier ribs as a problem in the case 
of the "independent cell system". As a result of this, it 
has been necessary to ta*e measures such as introduction of 
a polishing process for removing the material deposited on 
the top portion. Further, since the amount of filled 
.0 fluorescent material varies depending on the difference in 
sgueegee pressure, pressure control therefor is extremely 
subtle worfc, which largely depends on the degree of the 
rtlll of the operator. Thus, it is guite hard to obtain a 
constant filling amount for every independent cell over the 
25 entire rear side plate. 
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,3) issues of conventional photolithography 

The conventional photolithography PDF method has 
had the following issue. In this method, a photosensitive 
£ l uor escent-material use paste is press-fitted into the 
cells between the ribs, and then only the photosensitive 
composition that has been press-fitted into specified cells 
15 left through exposure and development processes. 
Thereafter, through a baUng process, organic matters in 
the photosensitive composition are dissipated, by which a 
£lu orescent material-layer pattern is formed. In this 

„• „ MS tc in use contains fluorescent- 

method, in which the paste 

*-v>r** "i c; low in sensitivity to 
material powder so that the method is low in 

ul traviolet rays, there has been a difficulty in obtaining 
a 10 pm or more film thicxness of the fluorescent material 

^ k.= had an issue that enough 
layer. Thus, the method has had 

brightness cannot be obtained. 

Also, in the case where photolithography is 
adopted, exposure and development processes are essential 
tor each color. However, since the fluorescent material is 
stained in the paste coating layer at high concentration, 
the loss of the fluorescent material due to the development 
removal is such large that the effective utilization ratio 
of the fluorescent material is a little less- than 30% at 

5 < 2 > issues in direct patterning of fluorescent material 
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layer by conventional dispenser technique 
(1) issues of air nozzle type dispenser 

Conventionally, an attempt is made that coating 
of the imaging tube is performed by using an air nozzle- 
type dispenser (Fig. 25) which is widely used in the fields 
of circuit mounting and the like. Since continuous 
application with high-viscosity fluid at high speed is 
difficult to do with the air nozzle-type dispenser, fine 
particles are diluted with a low-viscosity fluid before 
applied. in the case of fluorescent-material application 
on PDF, CRT, or other . image tubes, the particle size of 

4. i to 9 um as an example and their 
fine particles is 3 to y ym 

specific gravity is about 4 to 5. In this case, there has 
b een an issue that when the fiuid flow is stopped, the fzne 
particles would be Mediately deposited inside the flow 
passage due to the weight of a single particle. 

rtisoenser of the air type Has had a 
Furthermore, the dispenser 

. ■ i. T-hic Hrawback is due to the 
drawback of poor responsivity. This drawback 

compressibility of air entrapped in the cylinder as well as 

to the nozzle resistance during the passage of air through 

narrow gaps. That is, in the case of the air type, the 

ti» constant of the fluid circuit that depends on cylinder 

capacity and nozzle resistance is such a large one that a 

ti» delay of about 0.0T to 0.1. second has to be allowed 

, for after an input pulse is applied until the fluid is 
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a further transferred onto the 

started being dispensed and further 

substrate. 

The dischar 9 ing device using as the drive source 
. isoelectric Serial or ultra-magnetostriction material 
as described before in Fig- 24 is a proposal targeted for 
application of fluid containing no powder, and ft rs 
prsd icted to be difficult to respond to the aforementioned 
challenge related to the application process of powder and 
granular material. in the case where a fluid rs 

applied by using instantaneous transient displacement due 
to elastic waves, the liquid storage portion =03 has to he 

capacity is constant. There is no description as to, for 
example, how the fluid is supplied to the liguid storage 
portion S03 in order to replenish the fluid that is 
consumed on and on as time elapses. 

(2) issues of jet type dispenser 

Th e dispenser shown in Fig. 26 is enough fast » 

application speed, as compared with the air type, the 

also capable of treatin, high-viscosity fluid. Also, this 
ty pe of dispenser is capable of letting the fluid flown 
from the nozzle and intermittently applied while a 
sufficient distance is *ept between the no.zle and xt. 
S opposih, surface. Such an application method that the 
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fl uid is let to fly from the nozzle is difficult to do with 

incapable of producing an abrupt pulsed pressure. 

This type of dispenser, as described before, is a 
me thod that a spherical-shaped convex portion forced at an 

concave portion forced on the dispensing side are engaged 
with each other, thereby creating a tightly closed space 
S63 excluding the discharge nozzle 562, and this tightly 
dosed space is expressed so that a high pressure is 
generated to let the fluid fly and flow. 

in this case, in the compression process, the gap 
at th e suction portion 564 between the relatively moving 
mCTto ers .convex and concave portions) becomes zero, so that 
th e fluorescent-material fine particles having mean 
particle sizes of 3 to 9 pm undergo a mechanical sgueezing 
action, thereby broxen. Because of various failures that 
woul d result therefrom, such as the clogging of the flow 
passage and deterioration of the sealing performance of the 
suction portion 56, due to wear of the meters, it rs 
difficult, in many cases, to apply this dispenser to powder 
and granular material application such as fluorescent 
material. 

of this tvpe of dispenser is to 
Another issue of tnis typ« 

5 ensure application absolute-guantity precision per dot on a 
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precondition of long-time continuous use. On the 
assumption that the fluorescent material is intermittently 
appUed into the ..independent cells" of the foregoi*, POP, 
several tens of heads are necessary in consideration of the 
production cycle time in mass production. In thrs 
dispenser, the application quantity per dot is determined 
b y the capacity of the tightly closed space, i.e. the 
strode of the needle 555, and the sealing performance of 
th e suction portion 564. However, it is predicted to be 
extremely difficult from the viewpoint of practical use to 
.aintain the strokes and the absolute positions of 
individual needles 555 of the dispensers, which are 
provided in a quantity of several tens, as well as the 
sealing performance of the suction portions 564 that rs 
su b 3 ect to wear, at a constant state for !ong time without 
variations . 

(3) Issues of ink jet type dispenser 

The ink jet type dispenser shown in Fig. 28, for 
which the viscosity of the fluid is limited to 10 to 50 
mP as from the restrictions of drive method and structure, 
is incapable of treating high-viscosity fluids. Also, the 
particle sire of the powder contained in the fluid is about 
0.1 urn at most from the viewpoint of clogging. 

In order to draw a fine pattern by using the ink 

has been developed a low- 
5 jet type dispenser, there has ceen 
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viscosity nano-paste in which particles havin g a mean 
particle size of about S nm and covered with a dispersant 
are independently dispersed. Here is assumed a case rn 
which a fiuorescent materia! layer is formed on the inner 
wall of the barrier rib (partition wall) of the 
aforementioned PDP "independent cell" with the use of this 
nano-paste. However, in order that a 10 to 40 pm thic* 
flU orescent material layer is deposited in the process of 
filling the fluorescent-material use coating liquid into 
th e individual cells and thereafter drying the liquid, 
originally, a high-viscosity pasty fluid with a reduced 
amount of solvent is used as the coating materral 
containing the fluorescent material, as described before. 
For a low-viscosity nano-paste that allows only a dilute 
S content of fluorescent material to be contained therein, it 
is impossible to form a fluorescent material layer of a 
specified thicRness because of its insufficient absolute 
' guantity of fluorescent material. Also, whereas 

fluorescent-material fine particles having a micron-order 
, 0 particle size is commonly considered most suitable for the 
display to obtain high brightness, the ink jet type 
dispenser is incapable of easily changing the fluorescent- 
m aterial particle size for the present stage, which is also 
a great issue of the ink jet type. 
25 in summary of the above discussions, there cannot 
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oe found, for the present stage, a technical method having 
a capability of substituting for the screen printing method 
and the photolithography method, which is exemplified by a 
direct patterning method that implements the formation of 
an independent-cell fluorescent material layer for PDPs. 

No w, proposals in the past relating to the 
intermittent-application dispensers by the present inventor 
are briefly explained. In order to meet the recent years' 
various requests related to the minute-flow-rate 
application, the present inventor has proposed and applied 
for patent a method for controlling the discharge amount of 
fluid, "Fluid Feeding Device and Fluid Feeding Method" 
Japanese Patent Application No. 2000-188899. corresponding 
USP6.55S.127 and US Patent Application Serial No. 
10/118,156), in which, with relative linear motion and 
rotational motion given to between a piston and a cylinder, 
fluid transporting means is implemented by the rotational 
motion while a relative gap between the fixed side and the 
rotation side is changed by using the linear motion. 

This proposal is intended to control the 
interruption of the fluid by a dynamic sealing effect based 
on the arrangement that a thrust hydrodynamic seal is 
formed on a discharge-side end face of the piston and a 
relatively moving surface of its opposing surface, where 
, the effect is produced when the gap between the opposing 
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surfaces are narrowed. 

In Japanese Patent Application No. 2000-208072 
.corresponding oSP6, 565, 333, , the present inventor has 
proposed a dispenser in which a piston and a cylinder for 
accomodating therein the piston are driven independently 
of each other by using two independent linear motion means, 
respectively, by which a positive displacement pump rs 
implemented. 

Also , the present inventor has proposed 
intermittent discharge method and apparatus (Japanese 
Patent Application No. 2001-110945, corresponding US Patent 
Application serial No. 10/118,156, which uses a squeeze 
pressure generated hy abruptly changing the gap between a 
piston end face and its relative-movement face based on 
theoretical analysis performed on the dispenser structure 
diS closed in Japanese Patent Application No. 2000-1888,9. 
Whereas this squeeze pressure is known as a dynamic effect 
of hydrodynamic bearings, it is necessary for use of thrs 

fha , the gap between the piston end face 
squeeze pressure that tne gap 

v,« cot- t-n a narrow one, e.g., 20 
and its opposing surface be set to a 

to 30 um or less. 

SUMMARY OF THE INVENTION 

The present invention proposes an application 

. . ^ H*<^ not been disclosed 

5 principle based on a novel idea that has not 
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in the aforementioned proposals. That is, as a result of 
forwarding strict theoretical analysis on the assumption 
that the coating fluid is a viscous fluid, the present 
inventor has found that even when the gap between the 
piston end face and its opposing surface is sufficiently 
wide, a high generated pressure equivalent to or more than 
that of the sgueese effect (i.e., secondary sgueeze 
pr essure, can be obtained by the interaction of pump 

f ,k. fluid supply source and flow-rate 
characteristics of the fluia supp^x 

changes due to abrupt changes in piston position. 

Thus, the present invention proposes fluid 
discharging method and device using this secondary sgueeze 
pressure. with the use of this discharge principle, 
control of the gap between piston end face and its opposing 
surface becomes simple, the structure becomes simple, and 
mo reover the total discharge amount per dot can be set by, 
for example, the number of rotations of the fluid-supply- 
source pump. Accordingly, an object of the present 
invention is to provide method and device for discharging 
fluid which can implement intermittent fluid discharging of 
ultra-high speed and ultra-micro (small) amount which is 
easy to handle in practical use, high in flow-rate 
precision per dot, and high in reliability to powder and 

granular material. 

in accomplishing these and other aspects, 
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according to a first aspect of the present invention, there 
U provided a method for discharging fluid, comprising: 

while keeping two members relatively xaoving to 
each other along . gap direction of a gap formed by two 
opposing surfaces of the two members, feeding fluid from a 

fluid supply device to the gap; and 

intermittently discharging the fluid by utilizing 
a pressure change made by changing the gap, and controlling 
a fluid discharge amount per dot depending on pressure and 
now rate characteristics of the fluid supply device. 

According to a second aspect of the present 
invention, there is provided the method for discharging 
£ luid according to the first aspect, wherein the pressure 
and flow rate characteristics of the fluid supply device 
are set by changing a number of rotations of the fluid 

supply device. 

According to a third aspect of the present 
invention, there is provided the method for discharging 

f , hp first aspect, wherein assuming that 
fluid according to the first aspeu 

„ r * mean value of the gap is h„, the 
a minimum value or a mean 

, i KaT ._ p is performed with the gap h 0 set to 
intermittent discharge is perionu 

a range of h 0 >h„ where a setting range of the gap h. over 
which an intermittent discharge amount per dot is generally 
proportional to the gap h 0 is 0<h„<h,, and where a setting 
5 range of the gap h„ over which the intermittent discharge 
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amount is generally constant independent of the gap h„ » 
h„>h„ and where h, is an intersection point between an 
envelope of the intermittent discharge amount per dot 
native to h. in a region 0<h,<h„ and a value of a portion 
ol the region h„>h, over which the intermittent discharge 
amount per dot is generally constant independent of h„. 

According to a fourth aspect of the present 
invention, there is provided the method for discharging 
£1 uid according to the first aspect, wherein assuming that 
a fluid pressure generated in inverse proportion to a srze 
of the gap between the opposing surfaces of the two members 
and in proportion to time differential of the gap is a 
prima ry sgueeze pressure, and that a fluid pressure 
generated in proportion to the time differential of the gap 
and in proportion to an internal resistance of the fluid 
supply device is a secondary sgueere pressure, and further 
that a minimum value or a mean value of the gap is h„, 

the intermittent discharge is performed by action 
of the secondary squeeze pressure with the gap h. set to a 
range of h„>h„ a setting range of the gap h. over which an 
intermittent discharge amount per dot is generally 
proportional to the gap h. is °<h,<h„ and where a settmg 
range of the gap h 0 over which an intermittent discharge 
amount is generally constant independent of the gap h 0 is 
h 0 >h», and where h, is an intersection point between an 
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envelope of the intermittent discharge amount per dot 
native to h 0 in a region 0<h.<h„ and a value of a portion 
of the region h„>h x over which the intermittent discharge 
amount per dot is generally constant independent of h.. 

According to a fifth aspect of the present 
invention, there is provided a The method for discharging 
fluid according to the first aspect, wherein assuming that 
a fluid pressure generated in inverse proportion to a size 
of the gap between the opposing surfaces of the two members 
and in proportion to time differential of the gap is a 
primary sgueeze pressure, and that a fluid pressure 
generated in proportion to the time differential of the gap 
and in proportion to an internal resistance of the fluid 
supply device is a secondary squeeze pressure, and further 
that a minimum value or a mean value of the gap is h 0 , the 
intermittent discharge is performed with the gap h. set to 
a value of h„«h» or to a range of 0<h o <h„ where a setting 
range of the gap h 0 ever which an intermittent discharge 
amount per dot is generally proportional to the gap h. is 
0<h 0 <h„ and where a setting range of the gap h 0 over which 
the intermittent discharge amount is generally constant 
independent of the gap h 0 is h„>h,, and where h, is an 
intersection point between an envelope of the intermittent 
discharge amount per dot relative to h 0 in a region 0<h.<h., 
; and a value of a portion of the region h„>h, over which the 
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intermittent discharge amount per dot is generally constant 

independent of h 0 . 

According to a sixth aspect of the present 
invention, there is provided the method for discharging 
fluid according to the third aspect, wherein n, is a value 
of an intersection point between an envelope of a curve 
relative to h 0 in a region 0<ho<hx, and a portion of the 
region ho>h* over which the curve is generally constant 

independent of h 0 . 

According to a seventh aspect of the present 
invention, there is provided a The method for discharging 
fluid according to the third aspect, wherein assuming that 
. fluid internal resistance of the fluid supply device is 
K, (kgsec/mm'), a radial fluid internal resistance of the 
opposing surfaces of the relatively moving two members that 
depends on the gap h„ of the opposing surfaces of the two 
members is «, (Kgsec/mm', , a fluid resistance of the 
discharge port is K (KgsecW, , and if a function * is 
defined as 



9 Rt+Rr+Rs 

then h x is a value of an intersection point between an 
envelope of a curve * relative to h in a region 0<h<hx, and 
a portion of the region h 0 >h* over which the curve * is 
independent of h 0 and generally constant. 
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According to an eighth aspect of the present 
invention, there is provided the method for discharging 
fluid according to the first aspect, wherein if a maximum 
value of time differential of the gap is V», a mean 
radius of outer peripheries of the two members is r 0 (mm) , 
a mean radius of a discharge opening for connecting the gap 
and outside of the device is r. (mm,, and if a maximum flow 
rate of the fluid supply device is (Ur chen 

According to a ninth aspect of the present 
invention, there is provided the method for discharging 
fluid according to the first aspect, wherein the two 
a^ers that are relatively moved to each other along a gap 
direction by independent axial direction drive devices are 
provided in a plurality of sets, and the fluid is supplied 
by one set of fluid supply device in branches to gaps 
between these sets of two members. 

According to a 10th aspect of the present 
invention, there is provided the method for discharging 
fluid according to the 9th aspect, wherein each discharge 
amount is controlled by setting the gap between opposing 
surfaces of respective two members to a proximity to h 0 «h, 

or to a range of 0<h o <h x . 

According to an 11th aspect of the present 
invention, there is provided the method for discharging 
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fluid according to the first aspect, wherein an equal 
discharge amount per dot of fluid is intermittently 
discharged for coating periodically at equal time intervals 
while discharge nozzles and a substrate are kept relatively 
running to each other by making use of a property that a 
coating-object surface of the substrate is geometrically 
symmetrical . 

According to a 12th aspect of the present 
invention, there is provided the method for discharging 
fluid according to the 11th aspect, wherein the coating- 
object surface is a surface of a display panel. 

According to a 13th aspect of the present 
invention, there is provided the method for discharging 
fluid according to the first aspect, wherein fluid is 
supplied to opposing surfaces of two members that are 
relatively moved to each other along a gap direction by a 
fluid supply device, and wherein given a gap h (mm) of the 
two opposing surfaces, time differential dh/dt of the gap h, 
a mean radius r 0 (mm) of outer peripheries of the two 
opposing surfaces, a mean radius r 4 (mm) of a discharge 
opening for connecting the gap and outside, a viscosity 
coefficient u (kgsec/mm 2 ) of the fluid, a fluid internal 
resistance R 3 (kgsec/mm 5 ) of the fluid supply device, a 
radial fluid resistance R P (kgsec/mm 5 ) of the two opposing 
surfaces, a fluid resistance R n (kgsec/mm 5 ) of the 
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discharge opening, a sum P. of a maximum pressure and a 
supply pressure of the fluid supply device, and given a 
frequency f (I/..O of intermittent discharge, it holds 
rv ,, t p +P +P „<0, where a primary squeeze pressure P.„, 

that rso-rirsquio^^squZO v ' 

and a secondary squeeze pressure P.^ are defined as 

p -_r£*{(r 0 ! -r,') + 2r>4 
F "<- h* dt{ ' '.J 

and where a primary squeeze pressure P,, and a secondary 
squeeze pressure P.„, resulting when the time differential 
dh/dt of the gap h has a maximum value are P wl - P w >. 
P.„, - Pw respectively. 

According to a 14th aspect of the present 
invention, there is provided the method for discharging 
fiuid according to the first aspect, wherein in an 
application process in which coating is performed as the 
discharge while a coating-object surface and a discharge 
nozzle for connecting to the gaps are being relatively 
moved to each other, given a displacement input signal Sh 
that gives the gap between the two opposing surfaces, 
relative positions of the coating-object surface and the 
discharge nozzle and a timing of the displacement input 
signal Sh are adjusted by taking into consideration that a 
phase of coating is advanced by generally A9=n/2 over the 
displacement input signal Sh. 
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According to a 15th aspect of the present 
invention, there is provided the method for discharging 
fluid according to he first aspect, wherein the two members 
are relatively moved by an electro-magnetostriction element. 

According to a 16th aspect of the present 
invention, there is provided the method for discharging 
fluid according to the first aspect, wherein an amplitude 
immediately before a halt of coating of the two members 
that are relatively moved to each other along the gap 
direction is larger than an amplitude of steady 
intermittent application. 

According to a 17th aspect of the present 
invention, there is provided the method for discharging 
fluid according to the first aspect, wherein while a 
dispenser for discharging the fluid through the gap is 
being relatively moved to a substrate on which independent 
ribs each surrounded by a barrier rib are formed 
geometrically symmetrical, fluorescent-material paste is 
intermittently discharged so that the fluorescent-material 
paste is applied to interiors of the independent cells one 
by one, by which a fluorescent-material layer of a plasma 

display panel is formed. 

According to an 18th aspect of the present 
invention, there is provided the method for discharging 
fluid according to the 17th aspect, wherein the 
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fl uorescent-material paste is flown from the discharge 
nozzle so as to be applied while a distance H between a 
crest of the barrier rib and a tip end portion of the 
discharge nozzle is maintained at 0.5 - or more. 
5 According to a 19th aspect of the present 

invention, there is provided the method for discharging 

4-v*« ifli-h asDectr wherein the distance H 
fluid according to the 18th aspect, 

is 1 . 0 mm or more . 

According to a 20th aspect of the present 
10 invention, there is provided the method for discharging 
fluid according to the first aspect, wherein the two 
opposing surfaces of the two members that are relatively 
moved to each other along a gap direction by independent 
axial direction drive devices are provided in a plurality 
15 of sets, and the fluid is supplied by one set of fluid 
supply device in branches to gaps between these sets of two 
members, and wherein each discharge amount is controlled by 
a flow-rate compensation device which is provided on a flow 
passage that connects the fluid supply device and the two 
20 opposing surfaces of the relatively moving two members to 
each other and which is capable of changing a flow passage 
resistance . 

According to a 21st aspect of the present 
invention, there is provided the method for discharging 
25 fluid according to the first aspect, further comprising: in 
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a coating process of intermittent application performed 
while the gap between the opposing surfaces of the 
relatively moving two meters is varied at an amplitude h„ 
increasing the gap between the opposing surfaces of the two 
^ers at an amplitude h, larger than the amplitude h, to 
interrupt the discharge; and thereafter performing 
intermittent application a plurality of times at the 
amplitude h, so that a central value of the gap after the 
interruption becomes gradually egual to a central value of 
the gap immediately before the interruption. 

According to a 22nd aspect of the present 
invention, there is provided the method for discharging 
fluid according to the first aspect, wherein assuming that 
a time at an end of an (n-l)th application from a start of 
an application is T..„ a time at a start of an n-th 
application is T., and a time interval is AT = T.-T,.„ then 
an n-th application quantity per dot is controlled by 

setting a value of the AT. 

According to a 23rd aspect of the present 
invention, there is provided a device for discharging fluid, 
comprising: 

two members for relatively moving to each other 
along a gap direction with a discharge chamber formed by 

these two members; and 

a fluid supply device for supplying fluid to the 
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discharge chamber with a suction port provided on an 
upstream side of the fluid supply device and a discharge 
port that communicates the discharge chamber and outside 

with each other, 

wherein the fluid is intermittently discharged 
from the discharge port by utilizing a pressure change due 
to a change of the gap formed by the two members, while a 
discharge amount per dot of the fluid is controlled by 
setting of pressure and flow-rate characteristics of the 

fluid supply device. 

According to a 24th aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 23rd aspect, wherein assuming that a 
fluid pressure generated in inverse proportion to a size of 
the gap between opposing surfaces of the relatively moving 
two members and in proportion to time differential of the 
gap is a primary squeeze pressure, and that a fluid 
pressure generated in proportion to the time differential 
of the gap and in proportion to an internal resistance of 
the fluid supply device is a secondary squeeze pressure, 
and further that a minimum value or a mean value of the gap 
is h 0 , 

the intermittent discharge is performed by action 
of the secondary squeeze pressure with the gap h 0 set. to a 
range of h 0 >h x , where a setting range of the gap h 0 over 
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which an intermittent discharge amount per dot is generally 
proportional to the gap h 0 is 0<h 0 <h x , and where a setting 
range of the gap h 0 over which an intermittent discharge 
amount is generally constant independent of the gap h 0 is 
h 0 >h x/ and where h x is an intersection point between an 
envelope of the intermittent discharge amount per dot 
relative to h 0 in a region 0<ho<h„ and a value of a portion 
of the region h 0 >h x over which the intermittent discharge 
amount per dot is generally constant independent of h„. 

According to a 2 5th aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 23rd aspect, wherein assuming that a 
fluid pressure generated in inverse proportion to a size of 
the gap between opposing surfaces of the relatively moving 
two members and in proportion to time differential of the 
gap is a primary squeeze pressure, and that a fluid 
pressure generated in proportion to the time differential 
of the gap and in proportion to an internal resistance of 
the fluid supply device is a secondary squeeze pressure, 
the discharge amount is controlled with the gap h 0 set to a 
value of h 0 *h x or to a range of (Klvch,, where a setting 
range of a minimum value or a mean value h 0 of the gap is 
0<h 0 <h x , and where a setting range of the gap h 0 over which 
the intermittent discharge amount is generally constant 
independent of the gap h 0 is h 0 >h x , and where h x is an 
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intersection point between an envelope of the intermittent 
discharge amount per dot relative to h 0 in a region 0<h,<h„ 
and a value of a portion of the region h 0 >h x over which the 
intermittent discharge amount per dot is generally constant 

independent of h 0 . 

According to a 26th aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 23rd aspect, wherein the two members 
for relatively moving to each other along a gap direction 
by an independent axial direction drive device are provided 
in a plurality of sets, and the fluid is supplied by one 
set of fluid supply device in branches to gaps between 
opposing surfaces of these sets of two members. 

According to a 27th aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 2 5th aspect, wherein the two members 
for relatively moving to each other along a gap direction 
by an independent axial direction drive device are provided 
in a plurality of sets, and the fluid is supplied by one 
set of fluid supply device in branches to gaps between 
opposing surfaces of these sets of two members, and wherein 
each discharge amount is controlled by setting a minimum 
value or a mean value of the gap between each two members 
to a proximity to h 0 *h x or to a range of 0<h o <h x , 
respectively. 
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According to a 28th aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 23rd aspect, wherein the fluid 
supply device is a pump which can change a flow rate of the 
fluid by its number of rotations. 

According to a 29th' aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 28 th aspect, wherein the fluid 
supply device is a thread groove pump. 

According to a 30th aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 23rd aspect, wherein assuming that a 
minimum value or a mean value of the gap between opposing 
surfaces of the relatively moving two members is h 0 , then 



h 0 >0.05 mm. 



According to a 31st aspect of the present 
invention, there is provided a device for discharging fluid, 

comprising: 

a sleeve for housing a shaft; 

a housing for housing the shaft and the sleeve; 
a device for rotating the sleeve relative to the 

housing; 

an axial direction drive device for giving the 
shaft an axial-direction relative displacement relative to 
housing, a discharge chamber being defined by a discharge- 



side end face of the shaft and the housing; 

a fluid supply device for supplying a fluid to 
the discharge chamber by utilizing relative rotation of the 
sleeve and the housing, a suction port and a discharge port 
of the fluid communicating the discharge chamber and 
outside with each other; and 

a device for pressure-feeding the fluid, which 
has flowed into the discharge chamber, toward the discharge 
port side with the axial direction drive device, 

wherein a continuous flow of the fluid fed from 
the fluid supply device is converted into an intermittent 
flow by utilizing a pressure change due to a change of a 
gap of the discharge chamber, and moreover an intermittent 
discharge amount per dot of the fluid is controlled by 
setting of number of rotations. 

According to a 32nd aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 31st aspect, wherein the shaft and 
the sleeve are structurally integrated together. 

According to a 33rd aspect of the present 
invention, there is provided a device for discharging fluid, 
comprising: 

an axial direction drive device for giving an 
axial-direction relative displacement to between a. shaft 
and a housing, a discharge chamber being defined by a shaft 
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end face of the shaft and the housing; and 

a fluid supply device for supplying a fluid to 
the discharge chamber, a flow passage communicating the 
discharge chamber and the fluid supply device with each 
other, a suction port being formed in the fluid supply 
device, and a discharge port communicating the discharge 
chamber and outside with each other, 

wherein a continuous flow of the fluid fed from 
the fluid supply device is converted into an intermittent 
flow by utilizing a pressure change due to a change of a 
gap of the discharge chamber, and moreover an intermittent 
discharge amount per dot of the fluid is controlled by 
setting of number of rotations or a gap of an interval 
leading from the flow passage to the discharge port. 

According to a 34th aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 33rd aspect, wherein the fluid is 
supplied to a plurality of sets of the discharge chambers 
via flow passages branched from one set of the fluid supply 
device . 

According to a 35th aspect of the present 
invention, there is provided the device for discharging 
fluid according to the 33rd aspect, wherein the flow 
passage is an easy-to-def orm flexible pipe. 

According to a 36th aspect of the present 
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invention, there is provided the device for discharging 
fluid according to the 23rd aspect, wherein the device for 
relatively moving the two members is an electro- 
magnetostriction element. 

According to a 37th aspect of the present 
invention, there is provided a method for discharging fluid, 
comprising: while keeping two members for relatively moving 
to each other along a gap direction, feeding fluid from a 
fluid supply device to the gap; and controlling 
interruption and release of fluid discharge by utilizing a 
pressure change made by changing the gap, and assuming that 
a minimum value or a mean value of the gap is h 0 , 
performing the fluid discharge with the gap h 0 is set to a 
range of h 0> h x , where a setting range of the gap h 0 over 
which a steady-state discharge amount Q of the fluid is 
generally proportional to the gap h 0 is 0<h 0 <h x , and where a 
setting range of the gap h 0 over which the discharge amount 
is generally constant independent of the gap h 0 is h 0 >h x . 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other aspects and features of the 
present invention will become clear from the following 
description taken in conjunction with the preferred 
embodiments thereof with reference to the accompanying 
drawings, in which: 
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Fig. 1 is a partially sectional view of an 
example model to which the present invention is applied; 

Fig. 2 is a partially sectional view showing a 
dimensional relation among individual constitute members; 

Fig. 3 is an equivalent electric circuit model 
view of an example to which the present invention is 
applied; 

Fig. 4 is a graph showing an example of a piston 

displacement curve; 

Fig. 5 is a graph of an analysis result of 
discharge pressure characteristics of the present 
invention; 

Fig. 6 is a graph of an analysis result of 
discharge flow rate characteristics of the present 
invention; 

Fig. 7 is a graph of an analysis result of 
comparing discharge pressure characteristics with the 
number of rotations changed; 

Fig. 8 is a view showing a relation between flow 
rate and pressure of a thread groove pump; 

Fig. 9 is a sectional view showing a first 
working example of the present invention; 

Fig. 10 is a partially sectional view of a model 
showing a case where the thread groove pump and the piston 
are separated away from each other, which is a second 
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working example of the present invention; 

Fig. 11 is a perspective view showing a multi- 
head, which is a third working example of the present 
invention; 

Fig. 12 is a view showing an equivalent electric 
circuit model in the case of a multi-head; 

Fig. 13 is a graph of an analysis result of 
comparing discharge pressure characteristics with the 
piston minimum gap changed; 

Fig. 14A is a partially sectional view of a model 

of a vicinity of the piston; 

Fig. 14B is a graph showing a relation between 
the total discharge amount per dot and the minimum gap of 
the piston according to the present invention; 

Fig. 15 is a perspective view showing a state 
that the fluorescent material is implanted into the 
independent cells of a PDF by a dispenser; 

Fig. 16 is an enlarged perspective view of Fig. 

15; 

Fig. 17A is a front partially sectional view 
showing a third embodiment of the present invention; 

Fig. 17B is a side view of the third embodiment; 
Fig. 17C is a top view of the third embodiment; 
Fig. 17D is a view showing only a flow passage 
formed by an upper bottom plate and a lower bottom plate in 
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the third embodiment; 

Fig. 17E is an enlarged partially sectional view 

of the diaphragm portion of Fig. 17A; 

Fig. ISA is a front partially sectional view 
showing a fourth embodiment of the present invention; 

Fig. 18B is a model view showing a flow passage 
connecting the thread groove pump and the diaphragm; 

Fig. 19A is a chart showing a displacement curve 

h of the piston relative to time t; 

Fig. 19B is a chart showing a number of rotations 
N of the motor relative to time t; 

Fig. 20 is a perspective view showing a fifth 

embodiment of the present invention; 

Fig. 21A is a view showing a displacement 
waveform of the piston in a case where an "application halt 
period" is provided in intermittent application; 

Fig. 21B is a view showing dots applied on the 

substrate; 

Fig. 22 is' a partially sectional view of a model 
in a case where a gear pump is used as fluid supply means 
of the present invention; 

Fig. 23A is a top view showing an application 
example of the present invention using a bimorph type 
piezoelectric element; 

Fig. 23B is a front partially sectional view of 
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the same application example; 

Fig. 24 is a partially sectional view showing a 
conventional design example for the injection device using 
an ultra-magnetostriction element; 

Fig. 25 is a partially sectional view showing a 
conventional air pulse-type dispenser; 

Fig. 26 is a partially sectional view showing a 
conventional jet type dispenser; 

Fig. 27A is a partially sectional view of a model 
showing a suction process of a conventional jet type 
dispenser; 

Fig. 27B is a partially sectional view of a model 
showing a discharge process of the conventional jet type 
dispenser; 

Fig. 28 is a partially sectional view showing a 

conventional ink jet; and 

Fig. 29 is a perspective view showing a structure 

of a PDP panel (PDP) - 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before the description of the present invention 
proceeds, it is to be noted that like parts are designated 
by like reference numerals or like names throughout the 

accompanying drawings . 

Fig. 1 is a model view showing a first embodiment 
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of the present invention. Reference numeral 1 denotes a 
piston, which is housed in a housing 2 so as to be movable 
in an axial direction. Numeral 3 denotes a sleeve 3 for 
housing an outer peripheral portion of the piston 1, the 
sleeve 3 being housed in the housing 2 so as to be not 
movable in the axial direction but movable in a rotational 
direction, relative to the housing 2 on the fixed side. 

The piston 1 and the sleeve 3 are driven by an 
axial direction drive device (arrow 4) and a rotation 
transfer device (arrow 5), respectively. Numeral 6 denotes 
a thread groove (black solid portions in Fig. 1) formed in 
relatively moving surfaces of the sleeve 3 and the housing 
2, and 7 denotes a suction port of a fluid. In this 
embodiment, a thread groove pump is used as the fluid 

supply device . 

Numeral 8 denotes an end surface of the piston 1, 
and 9 denotes its fixed-side opposing surface. Numeral 10 
denotes a discharge nozzle formed in the central portion of 
the fixed-side opposing surface 9, and 11 denotes an 
opening of the discharge nozzle 10 formed in the fixed-side 
opposing surface 9. The piston end surface 8 and the 
fixed-side opposing surface 9 serve as the two surfaces 
that relatively move to each other along the gap direction. 

Numeral 12 denotes a coating fluid fed between 
the sleeve 3 and the housing 2. Numeral 13 denotes a 
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discharge-chamber end portion (outer periphery of the 
piston) formed between a lower end portion of the sleeve 3 
and the housing 2. The fluid is fed in this discharge- 
chamber end portion 13 by a thread groove pump, which is a 
fluid supply device, at all times. 

The axial direction drive device 4 is provided 
between the piston 1 and the housing 2 and changes relative 
positions of these two members 1, 2 in the axial direction. 
This axial direction drive device 4 is implemented, for 
example, by a piezoelectric actuator (indicated by 100 in 
Fig. 9) or the like as will be described later in the first 
embodiment. A gap "h" between the piston end surface 8 and 
its opposing surface 9 can be changed by this axial 
direction drive device 4. 

In this embodiment, constituent conditions differ 
from those of the preceding proposal (Japanese Patent 
Application No. 2001-110945) as follows. 

© If the minimum value of the gap "h" between the 
piston end face and its opposing surface is assumed as h = 
h^, then h mln is enough large in one working example of the 
embodiment, for example, h.^ = 150 urn. 

® The thread groove pump is designed so as to be 
close to a constant rate pump, its internal resistance R s 

being enough large. 

When the gap "h" is changed by a high frequency, 
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a fluctuating pressure is generated to a discharge chancer 
14 (piston end face portion), which is a gap portion 
between the piston end surface 8 and its opposing surface 9, 
by the later-described secondary squeeze effect newly found 

in this proposal. 

In the central portion of the piston end surface 
8, a portion positioned at an indication of numeral 15 is 
referred to as upstream side of the discharge nozzle 10, 
and a gap portion formed by the thread groove and the 
housing 2 is referred to as a thread groove chamber 16. A 
constant amount of fluid is fed to the discharge chamber 14 

by the thread groove pump. 

This example to which the present invention is 
applied is based on the concept that performing analog- to- 
digital conversion of a continuous flow (analog) fed from 
the pump into an intermittent flow (digital) by using the 
secondary squeeze effect makes it implementable to 
intermittently apply the fluid at high speed while the gap 
"h" between the piston end face and its opposing surface is 
maintained enough large. 

<1> Theoretical analysis 
(1) Deriving fundamental equations 

In order to reveal principles and effects of the 
present invention, fundamental equations of the squeeze 
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pump (tentative name) are derived. 

A fluid pressure when a viscous fluid is placed 
in a narrow gap between planes opposed to each other and 
the gap size changes with time can be obtained by solving 
the following Reynolds equation including a term of a 
squeeze action in polar coordinates. 

r dr \2p dr dt 

In Equation (1), 'P' represents a pressure, 'u' 
represents a viscosity coefficient of a fluid, 'h 
represents a gap between the opposing surfaces, 
represents a position in the radial direction, and 'f 
represents time. Also, the right side is a term for 
producing a squeeze action effect generated when the gap 
changes. Fig. 2 shows a relationship among dimensions of 
the squeeze pump. In addition, a suffix 'i' added to 
symbols shows that the value is one at the position of the 
opening 11 of the discharge nozzle in Fig. 1, and a suffix 
•0' shows that the value is one at the discharge-chamber 
end portion 13 (outer periphery of the piston) . 

Assuming that h = dhldt, both sides of Equation 
(1) are integrated. 

± = )*E{±.hr+Z\ (2) 
dr /J 3 U r) 

p = i 2 £(I/,r 2 +c 1 lnr) + c 2 (3) 
h 4 
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Subsequently, undetermined constants c u c 2 are determined. 
The relationship between pressure gradient and flow rate 



is : 



^ = Q-^£- (4) 

Assuming that flow rate Q = Q t at r = r 4 (see Fig. 2), c x is 
determined from Equations (2) and (4) : 

Cl =-^-^f (5) 

When the fluid resistance R 3 between the discharge-chamber 
end portion 13 and the fluid suction port 7 is not 
negligible, a pressure P = P 0 in the discharge- chamber end 
portion 13 (the position of r = r 0 in Fig. 2) is 

When a thread groove pump is used as the fluid supply 
device, the fluid resistance R s equals to the internal 
resistance of the thread groove pump. In the above 
equation, P s0 represents the supply-source pressure, which 
corresponds to a sum of a maximum generated pressure P^ of 
the thread groove pump and a supply pressure P 3Up by the air 
for supplying the material to the thread groove (P s0 = P SUP + 
P ). From Equation (4), Q 0 representing the flow rate at 

max ' 

r = r 0 is determined: 
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_h^r 0 fdP) 

= 7rhr*+2nci ( 7 ) 

From Equation (3) and Equations (5) to (7), the 

undetermined constant c 2 is determined: 



=P, 0 -R,Qo-%£kH&-k»»r 0 } (8) 



Now assume that a pressure P at an arbitrary position r is 
set as: 

P=A+BQ ( 9 ) 
where 

5 = ^Lln^-i? s (10) 

In the opening of the discharge nozzle, where r = r t 
(indicated by numeral 11 in Fig. 1), it is assumed that Pi 
= A + BQi. When the fluid resistance of the discharge 
nozzle is R n , the flow rate of the fluid passing through 
the discharge nozzle is obtained as Q n = P t /R„. From the 
continuity of flow, it holds that = Q n , and the pressure 
P A of the discharge-nozzle upstream side (pressure at the 
portion 15 in Fig. 1) is determined as: 
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P-J&- (11) 

where A, and B, are the values of A and B, respectively, 
when r = r, in Equation (10) . Hereinafter, the discharge 
nozzle upstream-side pressure P, will be referred to as 

discharge pressure P A . 

Here, a primary squeeze pressure P, qul and a 
secondary squeeze pressure P squ2 are defined as follows: 

The primary squeeze pressure P squ i is attributed 
to the known squeeze effect that is generated between 
piston end face 8 and its relatively-moving surface 9 by 
abruptly changing the gap between the piston end surface 8 
and its relatively-moving surface 9, where the narrower the 
gap "h", the larger the generated pressure. 

A method for generating the secondary squeeze 
pressure P 3qu2 , and a method for applying this action to, 
for example, ultra-high speed intermittent application are 
those that the present invention has found, and their 
principles are as follows. When the gap between the piston 
end face and its relatively-moving surface is abruptly 
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changed, there occurs a flow rate change between the piston 
end face and the fluid supply source. This flow rate 
change corresponds to a capacity change of the discharge 
chamber 14 (piston end face portion) resulting when the gap 
5 is changed. For example, in the case where the capacity 
has decreased, if the flow resistance of the discharge 
nozzle is large, the fluid, which cannot find any escape 
place on the discharge side, flows back toward the thread 
groove pump side. As a result, a pressure P squ2 
10 proportional to the internal resistance R 3 of the thread 
groove pump is generated. 

From Equations (ID and (12), the pressure P t on 
the discharge-nozzle upstream side can be reduced as 
follows : 

15 ^J^Fs^^^ (13) 

The flow rate Q, of the fluid passing through the discharge 
nozzle is 

R„+K p +K s 

If the radius of the discharge nozzle is set as 
r, and the nozzle length is l n , then the discharge nozzle 
resistance is 
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(,5 > 
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Furthermore, R p is the fluid resistance between the 
discharge nozzle opening (indicated by 11 in Fig. 1) and 
the outer periphery of the piston (discharge-chamber end 
portion 13 in Fig. 1) . 

* Kn r x 

As described before, R s is the fluid resistance (internal 
resistance in the case of ..the thread groove pump) between 
the outer periphery of the piston (discharge-chamber end 
portion 13 in Fig. 1) and the flow passage on the supply 
source side (suction port 7) . 

(2) Equivalent circuit model 

Based on the above-described analysis results, 
the relationship between the pressure generation source and 
the load resistance can be expressed with an equivalent 
electric circuit model as shown in Fig. 3. 

(3) When the minimum gap h mln of the piston end face and its 
opposing surface is enough large 

Given the conditions of Table 1 and the piston 
input waveform of Fig. 4, results of determining the 
pressure Pi of the discharge nozzle opening by using 
Equation (11) are shown in Fig. 5, where a period of 0 < t 
< 2.0 msec corresponds to one cycle as an intermittent 
discharging device. 

It is noted that the input waveform of the piston 
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was evaluated by changing the stroke in three cases (hst = 
10, 20, 30 um) while the minimum gap between the piston end 
face and its opposing surface was maintained constant (h roin 
= 150 um) . 

Referring to Fig. 5, in any case of the above 
strokes, the pressure results in a waveform that fluctuates 

around P ie - 3.5 MPa. 

Fig. 6 shows analysis results of the flow rate Q L 
of the fluid passing through the discharge nozzle. When 
the discharge nozzle resistance is R n , the flow rate Q A = 
P./R,. The flow rate Q l# although differing in amplitude 
depending on the stroke, results in a waveform that 
fluctuates around Q io = 49 mmVsec like the pressure 
waveform. Accordingly, it can be understood that the 
average flow rate does not depend on the extent of the 
piston stroke, and is determined by the working point (A in 
Fig. 8) that depends on thread groove pump characteristics 
and discharge nozzle resistance. 

The reason of this is that if h - - in Equation 
(11), then primary squeeze pressure P squl - 0 and - 0 . 
Therefore, the following equation can be obtained: 

ii-iffr 8 — «tf-rtfi (17) 

where P s0 * P max , and R 3 = P„ a x/Qmax- 

The second term in Equation (17) corresponds to a 
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geometrical capacity change of the piston end face portion 
14 formed by the piston end face 8 and its opposing surface 
9. The time differential (dh/dt) of the displacement h is 
a periodic function having positive and negative values 

alternately, and the time integral value in one cycle is 0. 

That is, the secondary squeeze pressure P squ2 

fills the role of an A/D converter that converts a 

continuous flow rate (analog) of the thread groove to an 

intermittent flow rate (digital) . 



Table 1: 





Symbol 


Specifications 


Viscosity 




3000 mPas (cps) 


Thread groove 
pump 

performance 


Max. 
Flow 
rate 




77 . 35 mmVsec 


Max . 

Pressure 


P 


10 MPa 


Piston outer diameter 


Do 


3 mm 


Min. gap of piston end 
face and its opposing 
surface 




150 pm 


Piston stroke 




Figs. 4 to 6 


Period 


T 


2 msec 


Diameter of discharge 
nozzle 




0 . 15 mm 


Length of discharge 
nozzle 


In 


0 . 3 mm 
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In Fig. 8, reference character (I) indicates a 
relation between the pressure and flow rate of the thread 
groove pump (which is called pressure-flow rate 
characteristic) at a number of rotations of N = 460 rpm, 
where the maximum pressure is P roax = 10 MPa (at Q=0) and the 
maximum flow rate is - 77.35 mmVsec (at P=0) . 

Character (III) indicates the flow resistance of the 
discharge nozzle, and the intersection point of (I) and 
(III) becomes a thread groove pump working point A (P ic = 

3.5 MPa, Q ic = 49 mmVsec) . 

An example of the thread groove that can obtain 
the above pump characteristics is shown in Table 2. 

The pressure of the X axis in the graph of Fig. 8 
is defined as the differential pressure (P 2 - P x ) between a 
pressure P 2 of the discharge-chamber end portion 13 and a 
pressure P x of a vicinity of the suction port 7. The 
thread groove pump is enabled to transport the largest flow 
rate of fluid when the differential pressure is at a 
minimum, i.e., when the piston 1 has ascended so that the 
pressure of the lower end portion of the thread groove 6 
(discharge-chamber end portion 13) becomes P 2 = -0.1 MPa 
(absolute vacuum) . Therefore, in the graph of Fig. 8, 
although the maximum transport amount of the pump is the 
flow rate of Q * 80 mmVsec at P = -0.1 MPa, the maximum 
flow rate is assumed to be Q roax = 77.35 mmVsec at P = 0 MPa 
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(atmospheric pressure) for convenience' sake, where there 
is no considerable error involved. 

(4) Improvement of sharpness 

In the case where fluid lumps are continuously 
blown onto the substrate while the discharge head and the 
substrate are being moved relative to each other, the 
waveform of the discharge pressure is preferably such that 
the discharge pressure becomes a negative pressure 
immediately before the start of application, immediately 
thereafter shows generation of a positive pressure having 
an abrupt peak, and goes again a negative pressure. By the 
generation of the negative pressure after the discharge, 
the fluid at the top end of the discharge nozzle is sucked 
again into the nozzle inside, being separated from the 
fluid present on the substrate or the fluid that is flying. 
That is, by the cycle of "negative pressure - abrupt 
positive pressure - negative pressure," an intermittent 
application of extremely sharpness can be fulfilled. 

None of the pressure waveforms in Fig. 5, where 
P i > 0 in every case, satisfies the conditions that allow ~ 
an intermittent application of good sharpness to be 
fulfilled. If the maximum value of the time differential 
(piston speed) dh/dt of displacement h is expressed as Vmax, 
then the condition for the pressure waveform to have a 
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period in which the pressure becomes a negative pressure, 
p. < 0, is derived from Equation (17) : 

Q_<*tf-'>- (18) 

A Q max that satisfies Equation 18 can be obtained 

5 by changing the number of rotations of the thread groove 

pump if the thread groove pump is used as the fluid supply 

device. The smaller the value of Qmax , the longer the time 

during which a negative pressure is generated since the 

supply amount cannot follow the capacity increase of the 

10 squeeze pump. 

With a stroke of h at = 30 um and under the 
conditions of Table 1, a waveform of discharge pressure 
resulting when the maximum flow rate is reduced as Q max 
77.35 - 50 mm 3 / sec with the reduction of the number of 
rotations of the thread groove as N = 460 — 300 rpm is 
shown in Fig. 7, in comparison with the case of H - 460 r P m. 
Pressure-flow rate characteristics of the thread groove 
pump at the number of rotations of N - 300 rpm are shown in 
Fig. 8. The working point of the pump in this case moves 
from A to B. Referring to Fig. 7, the case of N = 300 rpm 
(0 = 50 mmVsec) satisfies Equation (18), where the 
waveform of discharge pressure is such that the discharge 
pressure becomes a negative pressure immediately before the 
start of application, then shows generation of an abrupt 
positive pressure, and goes again a negative pressure. The 
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reason why a negative pressure is generated is that before 
and after the generation of a peak pressure, the magnitude 
of capacity change at the piston end face portion surpasses 
the maximum flow rate Q max that the thread groove pump can 

5 supply, as described before. 

Whereas the minimum value of discharge pressure 
is Pi = -1.4 MPa, this is because the model of analysis is 
based on an assumption of incompressibility, and there does 
not exist actually any pressure not higher than -0.1 MPa 

10 when the atmospheric pressure is assumed as P s = 0.0 MPa 

(gauge pressure) . 

The setting of the level of the negative pressure 
generation may be controlled depending on the conditions of 
applied process, characteristics of coating material such 
15 as its spinnability, which refers to a difficulty in 
cutting off the coating line flowing out from the nozzle, 
and the like. 
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Table 2: 



Parameter 


Symbol 


Specifications 


Viscosity 




3000 mPas (cps) 


Number of 
rotations 


N 


460 rpm 


DeTDth of groove 


hq 


0.15 mm 


Gap 


AR 


0 . 02 mm 


Width of ridge 


br 


0.5 mm 


Width of groove 


ba 


1.0 mm 


Pump length 


B 


36 mm 


Groove angle 


a 


20 deg. 


Shaft diameter 


D r 


8.0 mm 



In the foregoing application example of the 
embodiment of the present invention, as described above, 
generation of the primary squeeze pressure is suppressed as 
much as possible by setting a sufficiently large gap 
between the piston end face and its opposing surface, and 
by using the secondary squeeze pressure, a continuous flow 
of fluid supplied from the fluid supply source is converted 
into an intermittent flow, from analog to digital form, and 
thus intermittent application is performed. In this case, 
the application amount per dot does not depend on the 
stroke of the piston, and is determined only by the 
pressure-flow rate characteristic of the pump, which is one 
example of the fluid supply device, and the flow resistance 
of the discharge nozzle. Therefore, 
© The discharge amount per dot is constant; and 
® The cycle is constant. 
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The present application method and device provide 
an extremely effective method and device for application 
processes that are required to meet the above conditions of 

© and ® at the same time. 

For example, the method and device are effective 
for the case where fluorescent materials of R, G, and B are 
intermittently applied into independent cells (box-type 
ribs) of the rear side plate of a plasma display panel 
(PDP) for color display or other cases. In the case of PDP, 
independent cells are arranged geometrically symmetrically 
in a grid shape on the panel with high accuracy as 
described later in an embodiment of Fig. 15. In this case, 
this dispenser, which is capable of discharging a certain 
amount of material into the independent cells at high speed 
at equal time intervals, can fulfill an incomparable power. 

In conclusion, the above-described application 
example of the embodiment of the present invention has 
realized a 0.002 sec. or less ultra-high speed intermittent 
application by focusing on the "geometric symmetry" of the 
coating object and by performing coating process with this 
symmetry replaced by "time periodicity." 

In addition, in circuit formation or the like, 
for example, when solder, adhesive material, or the like is 
applied to a circuit board, the time interval of coating 
application is usually at random. In contrast, in the case 
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of conventional air type dispensers, the application cycle 
is on the order of 0.05 to 0.1 sec. at most. 

<2> Specific working examples 

Fig. 9 shows a first specific working example of 
the dispenser structure to which the present invention is 
applied, showing a constitution where a central shaft 
(piston) extending through a hollow outer peripheral shaft 
is provided with an axial direction drive device. 
Reference numeral 100 denotes a first actuator, which is 
one example of the axial direction drive device, where an 
ultra-magnetostrictive element, a piezoelectric element, 
electromagnetic solenoid, or the like is used. In this 
first working example, a laminated piezoelectric actuator, 
which has excellent response and with which high response 
and large generated load can be obtained, is used. 

Numeral 101 denotes a piston to be driven in the 
axial direction by the piezoelectric actuator 100, which is 
the first actuator. By the drive of this piston 101, a 
squeeze pressure described before is generated to the 
discharge-side end face (discharge chamber) of the piston 
101. The first actuator 100 is disposed inside an upper 
cylinder 102. Numeral 103 denotes a motor as a second 
actuator, which provides a relative rotational motion 
between a sleeve 104 for housing the piston 101 and an 
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intermediate cylinder 105. Numeral 106 denotes a rotor of 
the motor 103, and numeral 107 denotes a stator thereof. 

Numeral 108 denotes a thread groove, which is one 
example of a fluid supply device for pressure-feed to the 
discharge side the fluid and which is formed on an outer 
surface of the sleeve 104. A thread groove pump chamber 
110 for obtaining a pumping action by a relative rotation 
of the sleeve 104 and a lower cylinder 109 is formed 
between the sleeve 104 and the lower cylinder 109. 

Furthermore, a suction hole 111 communicated with 
the thread groove pump chamber 110 is formed in the lower 
cylinder 109. Numeral 112 denotes a discharge nozzle 
attached to a lower end portion of the lower cylinder 109, 
and a discharge hole 113 is formed in its central portion. 
Numeral 114 denotes a discharge-side thrust end surface of 
the sleeve 104. Numerals 115 and 116 denote ball bearings 
for supporting the sleeve 104. 

Furthermore, numeral 117 denotes a flange portion 
disposed on top of the piston 101, 118 denotes a disc 
portion ' attached to the piezoelectric actuator 100, 119 
denotes a displacement sensor for detecting a position of 
the piston 101 in the axial direction, and 120 denotes a 
• hinge portion formed so as to elastically deform the flange 
portion 117 in the axial direction. Dimensions of each 
member are determined so that an appropriate preliminary 



61 



5 



20 



pressure is applied to the piezoelectric actuator 100 due 
to the elastic deformation of the hinge portion 120. 

in this first working example, it is arranged 
that the piston 101 (central shaft) extends through the 
inside of the sleeve 104, and the piston 101 and the sleeve 
104 are driven by independent actuators, respectively. 
That is, the piston 101 is driven only in the axial 
direction, and the sleeve 104 is driven only in the 

rotational direction. 

As already proposed in Japanese Patent 
Application *>. 2000-188699 by the present inventor, given 
. structure (two-de,rees-of-f reedom actuator structure, 
that while a linear motion is imparted to the shaft by 
using an ultra-magnetostriction element (or moving magnet, , 
a rotational motion is also given to the shaft by a motor, 
it becomes possible to provide a single shaft into which 
the central shaft and the sleeve are integrated. 

Fig. 10 shows a second working example of the 
present invention, showing a case where the thread groove 
pum p, which is one example of a fluid supply device, and 
the piston are disposed so as to be separate from each 
other . Reference numeral 51 denotes a main shaft, which is 
housed in a housing 52 so as to be movable in the 
rotational direction. The main shaft 51 is driven into 
rotation by a rotation transfer device (arrow 53, such as a 
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motor. Numeral 54 denotes a thread groove (black solid 
portion in Fig. 10) formed in relatively moving surfaces of 
the (sleeve) main shaft 51 and the housing 52, and 55 
denotes a suction port of a fluid. Reference numeral 56 
denotes an axial direction drive device for moving a piston 
57 in the axial direction (arrow 58), 59 denotes an end 
surface of the piston 57, 60 denotes its fixed-side 
opposing surface, and 61 denotes a discharge nozzle 
attached to the housing 52. The piston end surface 59 and 
the fixed-side opposing surface 60 serve as the two 
surfaces (discharge chamber) that move relative to each 
other in the gap direction. Numeral 62 denotes a main 
shaft end portion, 63 denotes a piston outer periphery, and 
64 denotes a flow passage interconnecting the main shaft 
end portion 62 and the piston outer periphery 63. To the 
piston outer periphery 63, a coating fluid 65 is fed 
through the flow passage 64 at all times by the thread 
groove pump 54, which is one example of the fluid supply 
device. Numeral 68 denotes a discharge chamber formed 
between the end face 59 of the piston 57 and its fixed-side 
opposing surface 60. The axial direction drive device 56 
imparts a change in axial-direction relative position 
between the piston 57 and the fixed-side housing 52. The 
arrangement that the gap "h" between the end surface 59 and 
its opposing surface 60 is changed by this axial direction 
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drive device 56 is the same as in the first embodiment of 
Fig. 1. Similarly, the structural conditions of the thread 
groove pump and the piston 57 are: 

© If the minimum value of the gap "h" between the 
piston end face and its opposing surface is h - h» ln , then 
h^ is enough large, for example, h„ in > 50 urn; and 

® The thread groove is designed so as to be close to 
a constant rate- pump, its internal resistance R 3 being 

enough large. 

When the application device is so constructed 
that a pump portion 66, which is one example of the fluid 
supply device, and a portion for driving the piston by the 
axial direction drive device (piston drive portion 67) are 
provided so as to be separate from each other as shown in 
the second working example, there can be obtained a merit 
that the device as a whole can be simplified in 
construction to a large extent depending on the object to 
which the embodiment is applied. For example, when the 
piston drive portion is constructed by using a 
piezoelectric element as the axial direction drive device, 
the piezoelectric actuator portion can be made enough 
compact . 

Here is given a supplementary explanation about 
the principle of pressure generation of the present 
invention. Even without using the secondary squeeze 
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pressure, forming a "throttle" on the flow passage between 
a "piston having a means or device for changing the gap" 
and a "fluid supply source" makes it possible to generate a 
pressure. For example, in the case of the conventional ink 
jet type, the portion indicated by numeral 656 of Fig. 28 
corresponds to the throttle. In compression and discharge 
strokes of the conventional ink jet type, this throttle 
contributes to the pressure generation. However, in the 
suction stroke, this throttle becomes a fluid resistance to 
the supply of fluid from the supply source to the piston 
portion (discharge chamber) . Because of this fluid 
resistance, especially when a high-viscosity fluid of poor 
fluidity is intermittently applied at high speed, it is 
impossible to fill the fluid to the piston portion in short 
time, which makes a limitation of intermittent application 
period. 

In this second working example of the present 
invention, a thread groove pump is used, where it is when 
the differential pressure is at a minimum, i.e. during the 
suction stroke with the piston moved up, that the thread 
groove pump can transport the largest flow rate of fluid. 
The maximum flow rate Q max of the thread groove can be 
freely selected by the specifications, number of rotations, 
etc. of the thread groove, regardless of the fluid 
viscosity. Therefore, the dispenser of the embodiment of 
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the present invention is free of the restrictions imposed 
on the intermittent period by the fluid filling time during 
the suction stroke. The role of the thread groove pump in 
the present invention may be regarded as a "unidirectional 
diode" that allows the fluid to easily flow forward (toward 
the discharge side) but not to easily flow backward. 



<3> Multi-head dispenser 

(1) Issues of using a multi-head dispenser 

In either case of the above embodiments or 
working examples of the dispenser, the dispenser is a 
single-head type dispenser in which the pump portion, which 
is one example of the fluid supply device, and the piston 
drive portion are provided in one pair. 

Hereinbelow, measures for further improving the 
production cycle time of the head in the present invention 

are described. 

As described before, there has been a great 
desire for realizing a direct patterning method using a 
dispenser in order to solve the above-described issues for 
forming the fluorescent-material layer on the PDP, i.e., 
the issues related to the screen printing method and the 
photolithography method. However, even in cases where the 
fluorescent-material layer is formed on the panel screen 
with a dispenser, there is a demand for a production cycle 
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time equivalent to that of the screen printing method. 

in the case where the present invention is 
applied to a process that a fluorescent material is 
intermittently applied into the independent cells, the 
following conditions are required in addition to the above- 
described conditions of application process, © the 
discharge amount per dot is constant, ® the cycle is 
constant, and <3> ultra-high speed application: 
® the dispenser is a multi-head one; and 
© the flow rate of each head can be compensated. 

The reason of the condition <D is explained below. 
With the construction of the application device that the 
pump, which is one example of the fluid supply device, and 
the axial direction drive device for driving the piston are 
provided so as to be separate from each other as shown in 
the second working example, an application head having 
multiple nozzles can be realized by supplying the fluid in 
branches from one set of pump portion to a plurality of 

piston drive portions. 

Referring to the perspective view of Fig. 11, 
reference numeral 200 denotes a pump portion, which is one 
example of the fluid supply device, numerals 201, 202, and 
203 denote piston drive portions A, B, and C, respectively, 
each of which is made up of a piezoelectric actuator and a 
piston. Reference numeral 204 denotes a frame in which a 
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flow passage (corresponding to 64 of Fig. 10) that connects 
the pump portion 200 and the piston drive portions to each 

other is formed. 

Fig. 12 shows an equivalent circuit model in the 
case of the multi-head dispenser. Reference characters 
P aqu n, P„aif and P squl3 denote primary squeeze pressures of 
the piston drive portions, respectively, Rp X , Rp 2 * R P 3 denote 
fluid resistances of piston end faces in the radial 
direction, and R nl/ R n2 , and Ki denote nozzle resistances, 
respectively. The magnitude of - R p3 is inversely 

proportional to the cube of the gap "h" as shown by 
Equation 16. R pl - Rp 3 represent "variable resistances" 
that allow the flow rate to be controlled without 
disassembling the application device. 

In the foregoing working example, it has been 
arranged that the gap "h" between the piston end face and 
its opposing surface is set enough large so that the 
generation of the primary squeeze pressure is suppressed as 
much as possible, where the discharge amount per dot is 
determined only by the condition setting (e.g., number of 
rotations) of the pump portion. In the case where the 
fluid is supplied in branches from one set of pump portion 
to a plurality of piston drive portions, if the individual 
piston drive portions can be formed so as to be strictly 
equal thereamong in dimensional precision, flow passage 
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resistance, and the like, then the fluid is supplied at an 
equal flow rate from the pump portion to the individual 
piston drive portions. Yet, for application objects such 
as displays that are required to meet such precision as a 
few percents of application amount, it is preferable that 
the flow rate precision can be finely controlled. 

(2) Flow rate control method 

Now, discussion is returned again to the 
fundamental equation (Equation 11) that our study has 
derived. 

The graph of Fig. 13 shows a result of 
determining and comparing discharge pressure 
characteristics by using Equation (11) on cases where the 
piston's minimum gap h*. = 15 urn and h^ = 150 urn, under 
the condition that the number of rotations of the thread 
groove is N = 300 rpm. On the contrary to an intuitive 
prediction, such a surprising result can be obtained from 
the comparison therebetween that as the minimum gap lw n of 
the piston becomes larger, the amplitude of discharge 
pressure increases. The discharge amount per dot is larger 

at h mln = 150 um. 

As the minimum gap h« ltt of the piston increases, 
the primary squeeze pressure P squl approaches zero (P squl - 0) . 
However, since the thrust fluid resistance Rp of the piston 
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end surface and its opposing surface approaches zero (R P - 
0) concurrently, the partial pressure ratio (- 
Rn/ (Rs+Rp+R j ) increases (see Equation (13)). 

Under these analytic conditions, since the effect 
of the increase in partial pressure ratio is larger than 
the effect of the approach of P squl - 0, the amplitude of 
the pressure P t increases along with the increase of h min . 

The graph of Fig- 1« shows a result of 
determining the discharge amount per dot versus the minimum 
gap h min of the piston under the condition of N = 300 rpm in 
Fig. 14A. With the minimum gap beyond the neighborhood of 
h . = 0.1 mm, the discharge amount per dot Q 3 converges to 
a certain value as Q, - Q 3B without depending on h mln . The 
convergence value Q se of the discharge amount, as described 
before, is determined by the working point that depends on 
the pressure-flow rate characteristics of the pump, which 
is one example of the fluid supply device, and the pump 
load (discharge-nozzle fluid resistance R.) irrespective of 
the piston stroke, minimum gap, and the like. 

From the findings obtained from the above 
analyses, the flow rate control of each head may be given 
by selecting either one of the following: 

<D With large variations in flow rate among the heads, 
the minimum gap h*„ of the piston is set within a range of 
0<h ffii „<h„ which is a region where a considerable effect of 
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the primary squeeze pressure is involved, i.e., where an 
abrupt gradient of discharge amount relative to the gap is 
involved. 

® With a desire for ensuring an extremely high 
accuracy of the application amount per dot, the minimum gap 
hmin of the piston is set to a neighborhood of h» ln * h x 
where a smooth gradient of discharge amount relative to the 

gap is involved. 

It is assumed that the value of h x corresponds to 
an intersection point between an envelope (I) of a Q s curve 
against h*. and a straight line (II) of Q s = Q se in a region 
of CXh^h.. 

As to the displacement of the piston, providing a 
displacement sensor for detecting an absolute position of 
the piston and performing a closed loop control makes it 
possible to fulfill any arbitrary positioning control. 
However, in the case where an electro-magnetostriction 
element such as a piezoelectric element, ultra- 
magnetostriction element, or the like is used, because of 
stroke limitations (0 to several tens of microns), the 
control of the minimum gap Iw of the piston may be done by 
a combination of mechanical method and electronic-control 
method . 

For example, after the piston position is first 
roughly determined in a mechanical manner, the piston 
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position of each head may be compensated once again by 
using electronic control based on data as to flow-rate 
measurements . 

Also, even in either case of foregoing © or ® 
for flow-rate control, combinational use of an output-flow- 
rate setting method for the supply-source pump makes it 
possible to control the flow rate at points where the gap 
between the piston end surface and its opposing surface is 
sufficiently large. As an example, when the flow rate is 
so large that the minimum gap of the piston has to be 
set to a small one, decreasing the number of rotations of 
the thread groove pump allows Iw to be set to a large one. 
This makes an advantage when powder and granular material 
is treated, as will be described later. 

The above-described measure used for the 
compensation of flow-rate differences among the heads of 
the multiple head is applicable also to the case of a 
single head. In the case of a single head, with the 
minimum gap h min of the piston set to a proximity of h*. * 
h x or to a range of 0 < h*„ < h x , the high-speed flow rate 
control can be performed by controlling h^ instead of 
changing the motor rotation numbers of the pump. The 
responsivity of the motor rotation numbers control is at a 
level of 0.01 to 0.05 second at most and limitative, but 
the control responsivity of the piston that is driven by an 
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eiectro-magnetostriction element is implantable at a 

level of 0.001 or less. 

Other than the control of the flow rate by the 
min imum gap «w of the Piston, it is aiso possible to 
, control the flow rate by a mean value or a central value of 
an input displacement waveform of the piston. 

With the piston minimum gap set to a proximity of 
h , . h, or to a range of 0<h» l .<h„ for improvement of the 
sharpness of intermittent application, given a primary 

f p - p and a squeeze pressure of 
0 squeeze pressure of P squ i - r 3qul0 

^ , Pw „ when the time differential of the gap "h« has a 
.aximum value in Eguation (13. , it is appropriate to set 
the number of rotations of the motor, the piston stroke, 
the intermittent frequency, and the lixe so as to satisfy 
15 that P,o+P.«,io +P *i»!° < °- 

(2) Application device and application method 

As one example is shown in the perspective view 
of Fig. 11, with a construction that a plurality of piston 
20 drive portions are provided for one set of the pump portion, 
which is one example of the fluid supply device, the devrce 
as a whole can be downsized to a large extent. Although 
the pump portion, which is one example of the fluid supply 
device, usually has limitations in downsizing, the piston 
25 drive portion allows a small-diameter piezoelectric 
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actuator or the like to be used therefor, where a multi- 
head construction, when adopted, allows the pitch between 
the individual nozzles to be enough small. 

Further, it is also possible that with the multi- 
head shown in Fig. 11 used as a sub-unit, the application 
device has a plurality of the sub-units in combination. 

Now, as shown in Fig. 15, a process is assumed in 
which the fluorescent material is supplied on and on into 
the independent cells of a PDP while the dispenser of the 
embodiment or working example of the present invention 
having multiple nozzles keeps relatively moving above a 
substrate. Reference numeral 850 denotes a second 
substrate forming a rear side plate, and 851 denotes 
independent cells formed by barrier ribs. The independent 
15 cells 851 are composed of cells 851R, 851G, and 851B into 
which fluorescent materials of R, G, and B colors are 
supplied, respectively. As the fluorescent materials 852, 
a fluorescent material 852R of R color (red) , a fluorescent 
material 852G of G color (green), and a fluorescent 
material 852B of B color (blue) are used. In Fig. 15, only 
the nozzle portion of the dispenser is described, and the 
dispenser main body is not shown. 

Now attention is focused only on one nozzle 853. 
In this method of making the fluorescent material flown 
25 from the dispenser and thereby supplied into the 
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independent cells 851 on and on, a distance H between a tip 
end of the nozzle 853 and a top 854 of the barrier rib 
needs to be maintained as shown in the enlarged view of Fig. 
16. The reason of this is as follows. The volume of a PDP 
independent cell is, e.g., in the case of this working 
example, V = 0.65 mm long x 0.25 mm wide x 0.12 xma deep - 
0.02 mm 3 or so, and the fluorescent material paste needs to 
be filled into the whole of this container. This is 
because through the filling and drying processes of 
fluorescent-material use coating liquid and after the 
removal of volatile components, a thick fluorescent 
material layer needs to be formed on the inner walls of the 

cell as described before. 

At the stage that the fluorescent material paste 
is being supplied into the cell, a high-viscosity paste 
would not be filled promptly into the whole cell container 
because of its poor fluidity. Its meniscus would be so 
formed that while a shape swollen upper than the barrier 
rib top 854 is maintained, the paste is filled thereinto 
from above. Accordingly, even at the stage that the 
application into the targeted cell has been completed, the 
meniscus has not been flattened. In event that the 
discharge nozzle 8 53 has come into contact with this 
swollen fluorescent-material meniscus on the way of the 
application, the liquid would adhere to the nozzle top, so 



that the fluid having flown out from the nozzle would make 
causes of various troubles under the influence of the fluid 
aggregates at the nozzle tip. Therefore, it is necessary 
to maintain a sufficiently distance H between the tip end 
of the discharge nozzle 853 and the barrier rib top 854. 

For the prevention of the liquid adhesion at the 
nozzle tip end, in this working example, it was necessary 
that H > 0.5 mm at least. Further, in the case where H > 
1.0 mm, it was enough to prevent the liquid adhesion, where 
an intermittent application of high reliability for long 

time was able to be achieved. 

It is the dispenser of each of the embodiments 
and the working examples of the present invention which has 
made it possible to implement the method of aiming and 
blowing the fluid into a specified "independent cell" while 
the gap H between the tip end of the discharge nozzle 853 
and its opposing surface is maintained enough large and 
while a high-viscosity powder and granular material is 
being flown, with a gap of the flow passage maintained 
enough larger than the particle size of the powder material. 

in the case of conventional methods, in both 
cases of the "jet type dispenser" (Fig. 26) and the "ink 
jet type" (Fig. 28), it has been possible to make the 

coating fluid flown. 

However, as described before, in the case of the 
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"jet type dispenser, " because of the presence of a zero-gap 
mechanical sliding portion between the relatively moving 
members, it is difficult to use powder and granular 
material having fluorescent-material fine particles or the 
like for a long time. Also, for the "ink jet type," it is 
difficult for its principle and structural reasons to treat 
high-viscosity fluids of 100 mPa-s or higher, as well as 
powder and granular material having particle sizes of 
several microns. Consequently, the features of the 
application device using the present invention can be 
summarized that the device is: 

(1) capable of treating high-viscosity fluids of the 
order of several thousands to several tens of thousands 
mPa-s (cps) ; 

(2) free from generation of clogging even with coating 
materials having powder size of several um more; 

(3) capable of performing even with the intermittent 
application at short cycle on the order of msec or lower; 

(4) capable of making the coating fluid flown to a 
large distance from a point 0.5 to 1.0 mm distant from the 

discharge nozzle; 

(5) capable of ensuring an application amount per dot 

with high precision; and 

(6) capable of easily implementing a multi-head 

construction and simple in structure. 
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These points (1) to (6) are also necessary 
conditions for achieving the fluorescent-material layer of 
the independent cell system by direct patterning with the 
use of the dispenser, instead of the conventional screen 
printing method or photolithography method. Hereinbelow, 
the reasons why the points (1) to (6) are the necessary 
conditions, as well as the reasons why this dispenser has 
those features are additionally explained. 

The reason why the point (1) is required in 
forming the fluorescent-material layer is that, as 
described before, a high-viscosity pasty fluid with a 
reduced amount of solvent needs to be used as the coating 
material containing the fluorescent material in order to 
obtain a fluorescent-material layer of about 10 to 40 urn 
swollen thick on the rib wall surfaces after the coating 
and drying processes. Also, one of the reasons why the 
present invention is applicable to high-viscosity fluids of 
the order of several thousands to several tens of thousands 
mPa-s (cps), more specifically, of the order of 5, 000 to 
100,000 mPa-s, is that, with the thread groove pump used as 
one example of the fluid supply device in this working 
example of the present invention, a pumping pressure for 
pressure-feeding the high-viscosity fluid to the piston 
side (discharge chamber) can be easily obtained by this 
thread groove pump. Further, with a high-viscosity fluid 
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used, since the squeeze pressure is proportional to the 
viscosity, a large discharge pressure is generated. Given 
a generated pressure of P t = 10 MPa and given a piston 
diameter of, for example, D 0 = 3 mm from Table 1, then an 
axial load f to be applied to the piston is f - 
0 . 00 1 5 2 xnxl0xl0 6 * 70N. in this working example, an 
electro-magnetostriction actuator of large withstanding 
load capable of enduring the above load is used on the 
piston side. 

The reason why the point (2) is required in 
forming the fluorescent-material layer is that, as 
described before, fluorescent-material fine particles 
having particle sizes of the order of several microns are 
usually most suitable in order for the display to obtain 
high brightness. Also, the reason why the dispenser of the 
present invention is less liable to occurrence of clogging 
within the flow passage is that since the secondary squeeze 
pressure can be utilized, the minimum value h^ of the gap 
between the piston and its opposing Surface, where the 
clogging would be most likely to occur, can be set enough 
larger than the particle size of the powder, for example, 
to h„ in = 50 - 150 um, or more. 

The reason why the point (3) is required in 
achieving the fluorescent-material layer of the independent 
cell system by direct patterning is as follows. That is, 
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for example, in the case of a 42-inch wide PDP, if the 
number of pixels is 852RGB longitudinal x 480 lateral, then 
the number of independent cells is 3 x 408960 . 1,230,000 
pes. Assuming that the time T s = 30 sec is allowed for the 
application process of the fluorescent material and that 
100 nozzles are mounted on the application device, then the 
time per shot is T s = 30x100/1230000 * 0.0024 sec. This 
value is not more than 1/100 of the responsivity of the 
conventional air type dispenser or thread groove type 
dispenser. Therefore, in consideration of mass 

productivity, a fast-response dispenser far beyond the 
conventional types is required. 

One of the reasons why the dispenser of the 
present invention can fulfill the point (3) is that since 
the gap h*. between the piston end face and its opposing 
surface can be set to a large one, for example, 50 - 150 um 
or more, so that the fluid resistance of the flow passage 
leading from the supply-source pump to the discharge 
chamber (indicated by 14 in Fig. 1 and 68 in Fig. 10) in 
the fluid filling process (suction process with the piston 
moved up) can be made as small as possible. Since the 
fluid resistance of the radial flow passage leading to the 
discharge nozzle is small, the filling time can be made 
short even in the case of high-viscosity fluids of poor 
fluidity. 
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Also, in this dispenser, an electro- 
magnetostriction actuator employing a piezoelectric element, 
ultra-magnetostriction element or the like having high 
responsivity of, for example, 0.1 msec or less can be 
effectively used. Whereas the stroke of the electro- 
xaagnetostriction actuator is limited to about 30 to 50 ym 
as a practical-use level, this dispenser, by virtue of its 
using the secondary squeeze pressure, can produce a large 
pressure even in the state of a large gap tw The 
secondary squeeze pressure, as can be seen from Equation 
(12), depends only on the differential dh/dt (velocity) of 
the gap without depending on the absolute value of the gap 
»h". Accordingly, by taking advantage of an electro- 
magnetostriction actuator capable of obtaining a large 
velocity dh/dt, a discharge pressure having a high peak of 
5 to 10 MPa or more at an acute, short cycle can be easily 
obtained. 

In the case of the conventional "jet type 
dispenser" (Fig. 26), it is considered easy to substitute 
an electro-magnetostriction actuator for the mechanism that 
drives the needle 555. In this case, however, in the 
suction process of Fig. 27A, the gap of the suction portion 
564 formed between the convex portion 559 and the concave 
portion 561 of the spherical shape can only be several tens 
of um at most under the condition of the stroke of the 
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electro-magnetostriction actuator. As a result, mainly in 
the case of a high-viscosity fluid, since time is required 
to fill the fluid into the pump chamber 553, advantage is 
not taken of the good use of the electro-magnetostriction 

actuator having fast response. 

The reason why the point (4) is required in 
forming the fluorescent-material layer by direct patterning 
is that, as described before, the contact between the 
fluorescent-material meniscus, which is swollen- upper than 
the barrier rib top, and the tip end of the discharge 
nozzle needs to be prevented on the way of application 
process. Further, the reason why the point (4) can be 
fulfilled is that, as described before, this dispenser can 
easily obtain a discharge pressure having an acute, high 
peak of 5 to 10 MPa or more by making use of the fast 
response of the electro-magnetostriction actuator. Use of 
the high peak that overcomes the surface tension of the 
nozzle tip end allows even a high-viscosity fluid to be 
flown over a far distance. 

The reason why the point (5) is required is that 
the accuracy for the fluorescent-material filling amount in 
the independent cell needs to be, for example, about ±5%. 
The reason why the point (5) can be fulfilled is that the 
application amount per dot in the intermittent application 
of this dispenser is, in principle, determined only by the 
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"pressure - flow rate characteristics of the supply-source 
pump and the flow rate at the working point of the 
discharge nozzle fluid resistance" and the number of 
applications per unit time, without depending on the piston 
stroke, absolute position, or the viscosity of the coating 
fluid. More concretely, with a thread groove pump used as 
the supply-source pump, a specified application amount per 
dot can be set only by changing the intermittent frequency 
and the number of rotations of the thread groove shaft. 

In the case of a conventional type dispenser, 
since any of the piston stroke, absolute position, and the 
viscosity of the coating fluid would largely affect the 
discharge amount, there is a need for strict control 
therefor. For example, in the case of an air type 
dispenser, the discharge amount is inversely proportional 
to the fluid viscosity. In the jet type, the discharge 
amount is proportional to the stroke. In this dispenser, 
on the other hand, the number of rotations of the thread 
groove shaft may be controlled by using a DC servomotor so 
that a constant number of rotations is maintained, where 
there are scarce factors for impairing the precision of the 
intermittent application amount. 

The reason why the point (6) is required is that 
in the case of direct patterning, there is a need for 
mounting at least several tens of heads on the application 
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device. In order to substitute for the conventional 
methods, the method is required to have maintenance 
properties comparable to the screen printing method or the 

photolithography method. 

The reason why the point (6) can be fulfilled is 
that this application device, as in the case of the above 
(5), can make the application amount per dot in 
intermittent application less responsive to the piston 
stroke and absolute position, so that the piston drive 
portion (indicated by 67 of Fig. 10) can be made simple in 
construction. That is, this dispenser is less required to 
meet the process control conditions such as high-precision 
machining of the relatively moving members (57 and 52 of 
Fig. 10) in the piston drive portion, the correct 
positional alignment among members in assembly, and the 
ensured obtainment of the absolute accuracy of the piston 
stroke, which are those required for conventional 
dispensers. Accordingly, the multi-head as a whole that 
drives a plurality of pistons independently of one another 
can be greatly simplified. 

(3) Diaphragm type head structure 

Figs. 17A to 17D show a third embodiment of the 
present invention, showing a case where a discharge chamber 
(corresponding to 14 of Fig. 1 and 68 of Fig. 10) is formed 
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by a diaphragm and its opposing surface, and this diaphragm 
is driven directly by a piezoelectric actuator so that the 
gap between the diaphragm and its opposing surface is 
varied. A thread groove pump, which is one example of the 
fluid supply device, and a piston for generating squeeze 
pressure are provided so as to be separate from each other 
as in the case of the second working example. 

Fig. 17A is a front partially sectional view, Fig. 
17B is a side view, Fig. 17C is a top view, Fig. 17D is a 
view showing a flow passage formed by an upper-part bottom 
plate and a lower-part bottom plate, and Fig. 17E is an 
enlarged partially sectional view of the diaphragm portion. 

Reference numeral 301 denotes a main shaft, which 
is housed in a housing 302 so as to be movable in a 
rotational direction. The main shaft 301 is driven into 
rotation by a motor 303, which is one example of a rotation 
transfer device. Numeral 324 denotes a bearing for holding 
the main shaft 301. Numeral 304 denotes a thread groove 
formed in relatively moving surfaces of the main shaft 301 
and the housing 302, numeral 305 denotes a suction port of 
a fluid, 306 denotes a syringe for accommodating a coating 
(application) material 307 therein, and 308 denotes air 
piping for supplying an auxiliary air pressure. Numeral 

309 denotes a coupling for coupling a motor output shaft 

310 and the main shaft 301, and 311 denotes a discharge 
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port having a sufficiently large thread-groove-pump side 
flow-passage diameter (about several millimeters) formed on 

the upper-part bottom plate. 

Reference numeral 312 denotes a piston, 313 
denotes a piezoelectric actuator which is one example of an 
axial direction drive device for moving the piston 312 in 
the axial direction, 314 denotes a piezoelectric-actuator 
use housing for fixing an upper end portion of the 
piezoelectric actuator 313, and 315 denotes an end face of 
the piston 312. Numeral 316 denotes an upper-part bottom 
plate, 317 denotes a lower-part bottom plate, 318 denotes 
an intermediate sheet, and 319 denotes a flow passage 
formed between the upper-part bottom plate 316 and the 
lower-part bottom plate 317 by utilizing the thickness of 
the intermediate sheet 318. Numeral 320 denotes a 
diaphragm formed by reducing the thickness of the upper- 
part bottom plate 316, and 321 denotes a discharge nozzle 
fitted to the lower-part ' bottom plate 317. A discharge 
port 322 is formed in the lower-part bottom plate 317 and 

the discharge nozzle 321. 

The diaphragm 320 and its fixed-side opposing 
surface 323 serve as the two surfaces that move relative to 
each other along the gap direction. The piezoelectric 
actuator 313, which is one example of the axial direction 
drive device, changes axial-direction relative positions of 
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the diaphragm 320 and the fixed-side opposing surface 323 
therebetween. The gap »h» (see Fig. 17B) between the 
relatively moving surfaces is changed by the axial 
direction drive device, as in the embodiment and the 
working examples of Fig. 1 and Fig. 10. 

By the head structure of this working example, 
the flow passage leading from the exit of the thread groove 
pump to the discharge port can be put into a completely 
sealed state. Thus, the need for the seal of the piston 
portion has been eliminated. 

Also, since the electro-magnetostriction actuator 
can be driven with its output end pressed in direct contact 
against the diaphragm, it becomes possible to reduce the 
mass of the mechanical operating part. That is, the part 
corresponding to the piston 57 in the structure of Fig. 10 
can be reduced in size, the inertial load of the electro- 
magnetostriction actuator can be reduced. As a result, it 
has become implementable to preferable the intermittent 
application at higher frequencies. 

Fig. 17A shows a simplified view of an example of 
the control block diagram of this application device. 
Reference numeral 325 denotes an instruction signal 
generator for giving a drive method for the piezoelectric 
actuator 313, 326 denotes a controller, 327 denotes a 
driver, which is a drive power supply for the piezoelectric 
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actuator 313, and 328 denotes positional information 
derived from a linear scale provided on a stage. Through 
the controller 326, the piezoelectric actuator 313 is 
driven by the driver 327 based on instruction signals as to 
predetermined rise and fall waveforms, intermittent cycle, 
amplitude, minimum gap, and the like of the piston, as well 
as on the information 328 derived from the linear scale 
that detects relative speed and relative position between 
the application device and the substrate. 

As one example of the axial direction drive 
device for the piston 312, although the piezoelectric 
actuator 313 is used in the working example, yet an ultra- 
magnetostriction actuator, which is one of electro- 
magnetostriction actuators, may also be used. 

(4) Other methods for flow rate control 

Figs. 18A and 18B show a fourth embodiment of the 
present invention, showing a case where not that variations 
in flow rate among heads are compensated by the setting of 
the minimum gap h^ of the piston (312 of Fig. 17) that 
generates primary squeeze pressure and secondary squeeze 
pressure, but that a flow-rate compensating function 
(device) is additionally provided on the way of the flow 
passage leading from the thread groove pump to each nozzle. 
Fig. 18A is a front partially sectional view, and Fig. 18B 
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is a view showing a flow passage that connects the thread 
groove pump and the diaphragm to each other. Reference 
numeral 351 denotes a main shaft, 352 denotes a housing, 
353 denotes a motor, 354 denotes a thread groove, 355 
denotes a suction port, 356 denotes a syringe of a coating 
material 357, and 358 denotes an air piping. Numeral 359 
denotes a coupling, 360 denotes a thread-groove-pump side 
discharge port having a sufficiently large flow-passage 
diameter (about several millimeters), 361 denotes a main 
piston, 362 denotes a piezoelectric actuator which is one 
example of an axial direction drive device, 363 denotes a 
piezoelectric-actuator use housing, 3 64 denotes an upper- 
part bottom plate, 365 denotes a lower-part bottom plate, 
366 denotes an intermediate sheet, 367 denotes a flow 
passage formed between the upper-part bottom plate 364 and 
the lower-part bottom plate 3 65. Numeral 368 denotes a 
main-piston use diaphragm formed by reducing the thickness 
of the upper-part bottom plate 364, and 369 denotes a 
discharge nozzle. Numeral 370 denotes a flow-rate 
compensating piezoelectric actuator, and 371 denotes a 
flow-rate compensating diaphragm formed by reducing the 
thickness of the upper-part bottom plate 365. The main- 
piston use diaphragm 3 68 and its fixed-side opposing 
surface serve as the two surfaces that relatively move to 
each other along the gap direction, as in the third working 
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example. However, in this case, the minimum gap of the 
main piston is set to a sufficiently large one, for example, 
to h^ > 150 ]m. 

A gap h s between the flow-rate compensating 
diaphragm 371 and its opposing surface can be controlled by 
changing the displacement of an output shaft (sub-piston) 
372 of the flow-rate compensating piezoelectric actuator 
370. Once the gap h s is determined, a state that a 
constant voltage is normally applied to the flow-rate 
compensating piezoelectric actuator 370 is held from this 
onward so that the determined gap h s is maintained. 

Referring to the equivalent circuit model of the 
multi-head of Fig. 12, the magnitude of R pl - Rp 3 is 
inversely proportional to the cube of the gap "h" as shown 
by Equation (16) . Since h^ is enough large, Rp X - R p3 for 
the main piston are that R pl - Rp 3 -* 0. This is replaced by 
R f pl - R'p 3 (not shown) for flow rate compensation. 
Although h 3 for this flow rate compensation is set to 50 yiu 
or less in the working example, yet h 3 for flow rate 
compensation may also be experimentally determined by 
actually measuring flow rates from the individual nozzles 
in a state that the fluid is actually intermittently 
applied at high speed. Although a piezoelectric actuator 
is used as the flow-rate compensating piezoelectric 
actuator 370 in the working example, yet mechanical 
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compensation device may also be used. For example, a 
manually operated type one in which the output shaft of a 
micrometer is used as the sub-piston may be adopted. 

(5) Start- and terminal-end control method 

Here is described a start- and terminal-end 
control method in the case where independent cells of a PDP 
are intermittently coated by using the present invention. 
Reverting now to Fig. 15, a process is assumed in which the 
fluorescent material is supplied on and on into the 
independent cells of a PDP while a dispenser having 
multiple nozzles keeps relatively moving above a substrate 
grid. Now attention is focused only on one nozzle 853. 

It is assumed here that the panel screen has a 
"display area" 855 over which a fluorescent -material layer 
is formed, and a "non-display area" 856 which is located on 
outer periphery of the display area 855 and over which no 
fluorescent-material layer is formed. An outer-periphery 
boundary portion of the "non-display area" 856 is shown by 
a dotted line 857. 

The nozzle 853 that has run over the display area 
855 of the panel screen at high speed along a direction of 
an arrow 8 58 while intermittently applying the fluid, then 
at a time point when the last intermittent application is 
completed, enters the non-display area 856 simultaneous 
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with the interruption of the discharge of the dispenser. 
In this non-display area 856, the nozzle 853, after making 
a U-turn like an arrow 859 and then passing through an 
approach interval, enters the display area 855 again, where 
the dispenser resumes the intermittent discharge. 

,The graph of Fig. 19A shows a displacement curve 
of the piston relative to time, where reference numeral 950 
denotes a piston and 951 denotes a discharge chamber 
(corresponding to 14 of Fig. 1) . Fig. 19B shows the number 
of rotations N of the motor relative to time t. After the 
nozzle 853 has supplied the coating material into cells of 
an end portion of the display area 855, the piston 950 
ascends by a steady displacement pattern. At this stage, 
i.e., at time t=T : , the nozzle 853 starts running toward 
the non-display area 856, while the piston 950 
simultaneously starts ascending again to draw a gentle 
inclination angle 952. Given that a volume increment of 
the discharge chamber 951 per unit time due to the piston 
950 ascent is Q E and the maximum flow rate of the thread 
groove pump is Q^, if Q P > Q max , then the discharge holds 
an interrupted state (see Equation (18)). At time t = T lf 
the motor rotation numbers of the thread groove pump is 
simultaneously set as N - 0 . When this occurs, more 
preferably, the auxiliary air pressure (308 in Fig. 17A) as 
well is interrupted. The responsivity of motor control and 
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air pressure control is about two-digit lower than that of 
electro-magnetostriction devices, where the rise and fall 
time is about T = 0.05 sec. at most. The piston stroke and 
the piston diameter are so set that the relation of Q P > 
holds and the piston 950 is allowed to keep ascending 

during the time T. 

When the nozzle 853 runs in the U-turn zone (non- 
display area 856) of the end face of the panel, relative 
speeds between the nozzle 853 and the panel becomes an 
extremely low at or around zero. If the material continues 
flowing out from the nozzle in this zone, material 
discharges from a plurality of nozzles are overlapped so 
that the material would be deposited on the substrate (non- 
display area 856) . As a result, there would arise such 
troubles as adhesion of the deposited material to the tip 
end of the discharge nozzle. Therefore, it is preferable 
that a discharge-interrupted state is maintained in the U- 
turn zone. The discharge is resumed at time t=T 3 , where 
the motor may be started to rotate in advance in 
consideration of the time T m required for the start-up of 
the motor. When the application amount immediately after 
the start of discharge is unstable, it is appropriate that 
the nozzle is set at a position of the non-display area 856, 
and after one to two times of idle supplying operations, 
the coating application into the independent cells is 
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started. 

The method for fast moving from the application 
state to the interrupted state, for example, a method that 
the piston is turned to an ascent to interrupt the 
discharge at the time when the discharge nozzle moves from 
the "display area" to the "non-display area" on the 
substrate, is applicable also to continuous-line coating 
application. Further, the method that the number of 
rotations of the motor is decreased or zeroed 
simultaneously with the piston ascent is also applicable to 
continuous-line coating application. 

For example, in the case of continuous- line 
coating, after a continuous line is drawn in the "display 
area," the discharge nozzle is U-turned in the "non-display 
area" while keeping a discharge-interrupted state, and then 
the continuous-line coating is started simultaneously when 
the discharge nozzle enters the "display area" once again. 
In this case also, since the secondary squeeze pressure 
that the present invention found out can be utilized, it is 
possible to adopt the application method and the dispenser 
structure explained in the foregoing sections <1> - <3>. 
For example, assuming that the minimum value of the gap "h" 
between the piston end face and its opposing surface is h = 
h.t B/ the value of h roin can be set to a sufficiently large 
one, e.g. h„ ln = 150 urn or so, so as to satisfy that h min > 
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h x . Therefore, even if the gap "h" has fluctuated by 
several microns due to thermal expansion of the members, 
there is only a scarce effect that may cause fluctuations 
of the flow rate of continuous coating application. 
Further, the method of determining h K , the method of 
compensating the multi-head flow rate, and the like are 
also usable as those are described above except that the 
intermittent flow rate is replaced by the continuous flow 
rate. 



<4> Other supplementary explanations 

<4-l> Method for reducing the weight of the piston drive 
portion 

Fig. 20 is a perspective view showing a fifth 
embodiment of the present invention, where a pump portion, 
which is one example of the fluid supply device, and a 
piston drive portion are coupled with each other by a 
fixable pipe, and where the pump portion is disposed on the 
fixed side and the piston drive portion is disposed on the 
high-speed- running stage side. In this case, since the 
piston drive portion may be a lightweight one, there is an 
advantage for the high-speed speed-control and positioning 
control of the discharge nozzle tip end relative to the 
panel . 

Reference numeral 150 denotes a panel, on both 
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sides of which are provided a pair of Y-axis direction 
conveyor units 151, 152. Also, an X-axis direction 
conveyor unit 153 is mounted on the Y-axis direction 
conveyor units 151, 152 so as to be movable in a Y-Y' 
direction. Further, a Z-axis direction conveyor unit 154 
is mounted on the X-axis direction conveyor unit 153 so as 
to be movable in an arrow X-X' direction. On the Z-axis 
direction conveyor unit 154 is mounted a piston drive 
portion 155 which is composed of a piezoelectric actuator 

and a piston. 

Numeral 156 denotes a pump portion which is one 
example of the fluid supply device and which is placed on 
the fixed side. Numeral 157 denotes a fixable pipe which 
is a flow passage for connecting the pump portion 156 (ex. 
corresponding to the pump portion 66 in Fig. 10) and the 
piston drive portion 155 (ex. corresponding to the piston 
drive portion 67 in Fig. 10) with each other. In the case 
where the compressibility by the elasticity of the fixable 
pipe matters in implementing high-speed intermittent 
application, the present device may appropriately be made 
up with the minimum gap h^ of the piston enough small. 
<4-2> Method of providing application-halt period 

Figs. 21A and 21B show a working example in which 
an "application-halt period" is provided in the 
intermittent application. More specifically, in this 



96 



application method, after n equal-quantity dots are 
supplied at equal time intervals, the application is halted 
by one dot, and then the operation of supplying n equal- 
quantity dots at equal time intervals is repeated again. 
For example, this method corresponds to a case where, in 
the chip component bonding process for circuit formation, 
one dot requires bonding with a different kind of adhesive 
material so that application needs to be halted only for 

this portion. 

Fig. 21A is a graph showing a displacement curve 
of the piston relative to time, where reference numeral 750 
denotes a piston, 751 denotes a discharge chamber 

(corresponding to 14 of Fig. 1), and 752 denotes a 
discharge nozzle. In Fig. 21B, numeral 753 denotes a 

substrate, and 754 denotes dots applied onto the substrate 

753. 

With the time t-T x as a start point, the piston 
750 performs intermittent application for n dots, while 
repeating ascent and descent of an equal amplitude, on a 
straight line 755 that slopes down gently. At time t=T 2 , 
the piston 750 makes an ascent larger than that of the 
steady course. The value of the start point of a straight 
line 756 at a start time point of intermittent application 
is equal to the value of the straight line 755 at t«=Tj. If 
the period of the piston 750 in the steady state is AT, 
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then the time duration from the large ascent to the next 
descent is 2AT . After t-T„ the piston 750 repeats 
intermittent application, while again repeating ascent and 
descent of an equal amplitude, on the gently sloping-down 
straight line 756. At the time point when the intermittent 
application for n dots has been completed, the value of an 
end point of the straight line 756 is equal to the value of 
the straight line 755 at t=T 2 . 

During the time interval from time t=T 2 to time 
t-T„ its time width being 2AT, a total application flow 
rate of fluid for two-time operations is filled from the 
thread groove pump into the discharge chamber 751. However, 
in the intermittent application at t=T 3 , the piston makes 
only a descent of a steady-state amplitude, and therefore 
only a steady-state flow rate of fluid is applied. In this 
case, the characteristic of the present invention that the 
discharge pressure does not depend on the absolute value of 
the minimum gap h Bin in the case where the minimum gap h^ 
of the piston is large is exploited. 

The fluid accumulated in the discharge chamber 
751 in excess by one-time quantity is then discharged on 
and on while equally distributed in the intermittent 
application for n dots. Accordingly, using this method 
makes it possible to perform the intermittent application 
of an equal application amount per dot for every section 



98 



having an application-halt portion. 

This method is effective for coating processes in 
the case where the time interval of intermittent 
application is set to a constant value, for example, a case 
where the dispenser is fixed and the conveyor on which a 
substrate is mounted runs at a constant speed. 
<4-3> Method for changing intermittent application amount 

at a certain spot 

Here is described a case where the intermittent 

application amount is changed for a certain spot. 

For example, after a start of coating application, 
if an n-th application amount per dot is twice the quantity 
of the others, the following steps are taken. It is 
assumed here that a time interval between (n-2)th and (n- 
l)th applications is AT n . x , a time interval between (n-1) th 
and n-th applications is AT n , and further a time interval 
between n-th and (n+l)th applications is AT ntl . Here is set 
that AT n = 2xAT n . x and that AT n _ x = AT n+1 . The total flow rate 
of fluid discharged and filled from the thread groove pump 
to the discharge chamber at the (n-l)th application is Q n = 
AT ,xQ , and the total flow rate of fluid discharged and 
filled from the thread groove pump to the discharge chamber 
at the n-th application is Q n = AT n xQ max = 2*AT n _ 1 *Q roax • 
Accordingly, Q n = 2x Q n -1. When the total flow rate of 
fluid discharged into the discharge chamber from the thread 
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groove pump is proportional to the application amount per 
dot of fluid flowing out from the discharge nozzle, the n- 
th application amount is a double that of the others. 
However, the piston stroke is preparatorily set enough 
large for the section (ATJ from a discharge end to a 
discharge start so as to enable the discharge chamber to 
maintain a sufficient negative pressure state. Although 
the above description has been made on a case where only 
the n-th application amount is a double that of the others, 
yet for a case where only the n-th application amount is 
decreased to one half that of the others conversely, it is 
appropriate to set that AT n = AT^/2 and that AT^ = AT n+1 . 
Under such a concept, this dispenser is enabled to set any 
arbitrary application amount at each spot. 

Whereas conventional dispensers are designed to 
control the application amount per dot by mechanical 
displacement (stroke) of the piston, this dispenser is 
enabled to control the application amount by controlling 
the time interval. 

<4-4> Method for determining an inflection point h x of a 
discharge amount Q 3 curve relative to the minimum gap Kl* 

As described before, the setting of the minimum 
value Km f° r the 5 a P between the piston end face and its 
opposing surface is of great importance for the present 
invention. Setting that h min >h x makes it possible to 
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implement a stable intermittent application that does not 
depend on any fluctuation (drifts) of the piston stroke and 
the absolute position of the piston. Setting that h min ~ h x 
makes it possible to fulfill subtle flow-rate compensation 
among multiple heads. Among methods for determining this 
inflection point h x are: 
(1) Empirical method 

With the minimum value h„ ln of the gap between 
piston end face and its opposing surface set, while 
intermittent discharge is performed, a total discharge 
amount per dot Q s is determined. Measured values of Q s 
versus h^ are plotted, and an inflection point h x is 
determined. 

(2) Theoretical method 
CD Stringent method 

Given an input waveform h(t) of piston 
displacement, a flow rate Q, is determined by using 

Equation (14) . r 

The flow rate Qi in the discharge process section 
is integrated by time t to determine a total discharge 
amount Q s per dot. Theoretical values of Q 3 versus h miD are 
plotted, and an inflection point h x is determined. The 
graph of Fig. 14B is one determined by this method. 

CD Simple method 

A method for determining the inflection point h x 



more simply is explained below. 

As described above, when the minimum gap h,^,, is 
enough large, the flow rate Q t results in a waveform which 
fluctuates around a center of the working point Q ic , 
although the amplitude differs depending on the stroke size 



That is, the mean flow rate, without depending on 
the size of the piston stroke, is determined by a working 
point (e.g., A of Fig. 8) that depends on thread groove 
pump characteristics and discharge nozzle resistance. That 
is, under the condition of a constant period, a comparison 
among total discharge amounts per dot Q 3 may be made by a 
comparison of the levels of continuous flow rate at a 

stroke size h 3t of 0. 

Referring to Equation (14), if h st = 0, then P squl 
- 0 and P 3qu2 - 0. Since P s0 does not depend on the gap "h", 
the inflection point h x can be determined by plotting 
values of <|> with versus h by using the following function (j> 
of the gap "h": 

d = l —— (19) 

R.+R,+R s 

When a thread groove pump is used as one example 
of the fluid supply device, the internal resistance is 
R s =P max /Q max . There are many cases where the maximum flow 
rate and the maximum pressure P Bax of the pump can be 
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determined theoretically. However, if it is hard to do so, 
pressure- flow rate characteristics corresponding to the 
graph of Fig. 8 may be determined empirically by the 
following method. 

For the maximum flow rate Q Bax , while continuous 
discharge is kept ongoing with the discharge nozzle 
separated off, a total flow rate per unit time is measured. 
For the maximum pressure P MX , a jig fitted with a pressure 
sensor instead of the discharge nozzle is mounted, and the 
pressure can be measured in a zero flow rate state. In the 
case where a pump other than thread groove pumps is used as 
one example of the fluid supply device, if the pressure- 
flow rate characteristics are not of a linear relation, the 
relation can be linearized about the working point and thus, 
the internal resistance R 5 can be determined by using its 
resultant inclination angle. 

As in another method of flow rate control shown 
in Figs. 18A and 18B (fourth embodiment of the present 
invention), in the case where a flow-rate compensating 
function (device) is provided, or a throttle is present, on 
the way of the flow passage leading from one example of the 
fluid supply device (e.g., thread groove pump) to each 
nozzle, a fluid resistance R x of this portion may be added 
to the R s to obtain an apparent internal resistance (R s + R x 
R s ) of one example of the fluid supply device. 
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The fluid resistances R*, Rp can usually be 
determined from a well-known theoretical formula (e.g., 
Equations (15), (16)). Otherwise, with complex 

configurations involved, those fluid resistances may be 
determined by numerical analysis or by empirical process. 
In the case of an orifice whose length of its throttle 
portion is shorter against its inner diameter, although the 
equation of linear resistance (e.g., Equation (15)) does 
not hold, yet linearization around the working point may be 
applied in this case to obtain an apparent fluid resistance. 

A description of characteristics of the 
discharging device (dispenser) to which the present 
invention is applied is added hereinbelow. 

(i) The discharge amount Q s is less affected by the 
viscosity of the coating fluid. 

Referring to Equation (14), the fluid resistances 
R„, R p , and R s are proportional to the viscosity p.. Also, 
given that supply-source pressure P so * thread-groove 
maximum pressure P max , then P s0 is proportional to the 
viscosity u. 

Accordingly, the viscosities \i of the denominator 
and the numerator of Equation (14) are canceled. Therefore, 
the discharge amount of this dispenser is less dependent on 
the viscosity. Generally, the viscosity of fluid largely 
varies logarithmically against temperature. The property of 



being insensitive to such temperature variations comes to an 
extremely advantageous characteristic in making up the 
application system. 

(ii) High application precision can be obtained and the 

structure is simple. 

When the dispenser of the present invention is 
applied to, for example, intermittent application of a PDP, 
the application amount per dot in the intermittent 
application is determined by the "pressure-flow rate 
characteristics of the supply-source pump and the flow rate 
at the working point of the discharge-nozzle fluid 
resistance" and the "intermittent frequency," as described 
before. For example, with a thread groove pump used as one 
example of the supply-source pump, if the discharge nozzle 
is mounted on the device, the application amount per dot is 
determined only by the number of rotations N of the thread 
groove pump and the intermittent-application frequency f. 

Since the application amount is insensitive to 
the stroke of the piston, the absolute-position precision 
of the piston, and the viscosity of the coating fluid, the 
construction of the piston drive portion (ex. 67 of Fig. 
10) can be made simple. 

Now, how the application amount per dot is 
determined in conventional dispensers is explained below. 

In an air-type dispenser, a constant quantity of 
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air fed from a constant-pressure source is applied in a 
pulsed manner to a container (inside 600 of Fig. 25), so 
that a constant quantity of liquid corresponding to an 
increment of the internal pressure of the container is 
discharged from a nozzle 602. As a result, there would be 
involved (1) nonunif ormities in discharge amount due to 
discharge pressure pulsation, (2) nonunif ormities in 
discharge amount due to water level differences, (3) 
changes in discharge amount due to changes in liquid 
viscosity, and the like, which are factors that may cause 
nonunif ormities of performance. 

The reason of the point (2) is that since the 
capacity of the void portion 600 inside the cylinder 
differs depending on the liquid residual quantity H, 
feeding a constant quantity of high-pressure air would 
cause the degree of pressure change inside the void portion 
600 to largely change due to the H. A decrease in the 
liquid residual quantity would cause an issue that the 
application amount would decrease by, for example, about 50 
to 60% as compared with the maximum value. For this reason, 
it has been practiced to take measures such as detecting 
the liquid residual quantity H for each discharge and then 
adjusting the time width of the pulse so that the discharge 
amount is maintained uniform. 

The point (3) occurs, for example, when the 
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material containing a large amount of solvent has changed 
in viscosity with time. Measures for this have been taken 
by programming tendencies of viscosity changes on the time 
base preliminarily in a computer and then adjusting, for 
example, the pulse width so that any effects of viscosity 
changes are compensated. 

In the case where intermittent application is 
performed with a conventional thread-groove type dispenser, 
it has been the case to employ such methods as (1) 
interposing an electromagnetic clutch between the motor and 
the thread groove to connect or release this 
electromagnetic clutch for turn-ON or -OFF of discharge, 
and (2) using a DC servomotor to perform a rapid rotation 
start or a rapid stop. However, in either case, since the 
responsivity is determined by the time constant of a 
mechanical system, there have been constraints on high- 
speed intermittent operation. Also, since many uncertainty 
factors are involved in the rotational characteristics at 
the times of transient response (times of rotation start 
and stop) of the pump shaft, it has been difficult to 
strictly control the flow rate, with the result of 
limitations also in application precision. 

In the case of a jet-type dispenser (Fig. 26), as 
described before, there is a need that a spherical-shaped 
convex portion formed at an end portion of the needle 555 
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and a spherical-shaped concave portion formed on the 
discharge side are engaged with each other at high 
precision. 

In the case of an ink jet type dispenser (Fig. 
28), the oscillation plate 652 is deformed in the 
thicknesswise direction by the piezoelectric element 653 so 
that the capacity of the ink chamber 654 is decreased to 
cause a pressure increase, thus making the fluid discharged. 

In all the application methods described above, 
the capacity of a space directly connected to the discharge 
nozzle is changed by some means, where the control of the 
application amount is performed based on the concept of 
"capacity variation of the space = application amount per 
dot." In the case of the dispenser of the present 
invention, as described before, the capacity change of the 
space by the piston is not to determine the application 
amount, but to fulfill the role as an A/D converter for 
converting a continuous flow rate (analog) of the supply- 
source pump to an intermittent flow rate (digital) . 
Therefore, this dispenser is greatly simplified in process 
control to meet high-precision machining of the relatively 
moving members in the piston drive portion, the correct 
positional alignment among members in assembly, the ensured 
obtainment of the absolute accuracy of the piston stroke, 
and the like, which are conditions required for 
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conventional dispensers. 

Accordingly, the multi-head as a whole that 
drives a plurality of pistons independently of one another 
can be greatly simplified in construction. 

(iii) The reliability against clogging of powder and 
granular material within the flow passage is high. 

When the present invention is applied, it become 
allowable to set a large opening area for the flow passage 
leading from the suction port of the pump to the discharge 
nozzle, so that a high reliability to powder and granular 
material can be obtained. 

In particular, since the gap "h" between the 
piston end face and its opposing surface, which is the flow 
passage leading to the discharge nozzle, can be set to a 
sufficiently large one, there can be provided a great 
advantage to prevention against the clogging of powder 
material (e.g., those having a particle size of 7 to 9 pm 
for fluorescent material) . 

For example, in the case where a multi-head 
construction is adopted and the flow rate for each head is 
finely controlled, with the combinational use of an output- 
flow-rate setting method (where the flow rate is controlled 
by number of rotations) for the supply-source pump, the 
minimum gap may appropriately be set to a proximity to h,^ 
* h x (ex. h alB =50 um in Fig. 15) where the gradient of the 
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discharge amount versus the gap is smooth. This numerical 
value of 50 urn is enough large, compared with powder 
material diameters (several microns to several tens of 
microns) which are generally in common use. When the fine 
control of flow rate is performed in the way of the fourth 
embodiment (Fig. 18), or when the component precision of 
each component member is so successful that flow-rate 
differences among the heads are negligible, the minimum gap 
h^i,, may be set to 150 to 200 urn or more. 

The piston end face portion (ex. discharge 
chamber 68 in Fig. 10) that directly connects to the flow 
passage of the discharge nozzle is a portion where the 
direction of the flow passage largely changes. This is a 
place where, with powder and granular material treated, 
such troubles as clogging are most likely to occur. The 
point that a sufficiently large gap of the flow passage can 
be secured at this place is one of the greatest 
characteristics of the present invention. In addition, in 
the case of coating with powder and granular material, such 
as fluorescent material and adhesive material, in which 
fine particles are contained, the minimum gap 5 min of the 
flow passage may be set larger than the fine particle size 

<|)d. 

5 ain ><j>d ... (20) 
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Hereinabove, a thread groove pump has been used 
as one example of the fluid supply device in the 
embodiments or working examples of the present invention. 
For implementation of the present invention, pumps of types 
other than the thread groove type are also applicable. 
However, the thread groove type is advantageous in that the 
maximum pressure P M) the maximum flow rate Q max , and the 
internal resistance R a (= P„ ax /Q nax ) can be freely selected 
by changing various parameters (radial gap, thread groove 
angle, groove depth, groove to ridge ratio, etc.) 
constituting the thread groove. 

Also, since the flow passage can be formed so as 
to be completely contactless, the thread groove type is 
advantageous in treating any powder and granular material. 

Further, the pump as one example of the fluid 
supply device in the present invention is not limited to 
the thread groove type, and other types of pumps are also 
applicable. Among those applicable are, for example, Mono 
type called snake pump, gear type, twin-screw type, syringe 
type pumps, and the like. Otherwise, pumps that serve only 
to pressurize the fluid with high-pressure air may also be 
used. 

Fig. 22 is a model view in a case where a gear 
type pump is used as one example of a fluid supply device 
in the present invention. Reference numeral 700 denotes a 
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gear pump, 701 denotes a flow passage, 702a, 702b and 702c 
denote one example of an axial direction drive device 
implemented by, for example, a piezoelectric actuator, and 
703a, 703b, and 703c denote pistons, respectively. 

The piston and its opposing surface constituting 
the piston drive portion may be other than circular shaped. 
The piston may be rectangular shaped, in which case the 
radius of a circle having an equivalent area size is 

assumed to be a mean radius. 

The foregoing embodiments or working examples, in 
every case, has a structure of one nozzle for one head. 
However, only if the component precision can be ensured, n 
nozzles for one head may be mounted. In this case, for 
example, the above-described fundamental equations for 
determining the flow rate per dot may be calculated for n 
nozzles. For instance, for nozzles of identical 

specifications, the calculation is done with a substitution 
of r„ - R n /n. When fluorescent material as an example is 
intermittently applied into the independent cells, 
providing a plurality of nozzle holes lengthwise of the 
rectangular independent ribs makes it possible to apply the 
xnaterial all over the interiors of the cells, thus 
effective for preventing the coating liquid from 
overflowing from the ribs. In the case of the working 
examples, the configuration of the PDP independent cell was 
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set to 0.65 mm long x 0.25 mm wide. In this case, for 
example, with the size 0.65 mm divided into four, nozzle 
holes may be formed two at right-and-left two places 
including a central portion (totally three places). 
Moreover, in the case where nozzle holes to which a 
fluorescent material of identical color is to be applied 
are formed so as to be directed perpendicular to the 
running direction of the stage, and where the fluorescent 
material is applied into a plurality of independent cells, 
the productivity is further improved. 

The pump of this embodiments or examples for 
working with micro-small flow rates only needs piston 
strokes on the order of several tens of microns at most, in 
which case stroke limits do not matter even if an electro- 
magnetostriction element such as ultra-magnetostriction 
element or piezoelectric element is used. 

Further, in the case where a high-viscosity fluid 
is discharged, occurrence of a large discharge pressure due 
to the squeeze action could be predicted. In this case, 
since the axial direction drive device that drives the 
piston is required to exert a large thrust against a high 
fluid pressure, it is preferable to apply an electro- 
magnetostriction type actuator that can easily exert a 
force of several hundreds to several thousands N. The 
electro-magnetostriction element, having a frequency 
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responsivity of several MHz or higher, is capable of 
putting the Piston into reotilinear motion at high 
responsivity. Therefore, the discharge amount of a high- 
viscosity fluid can be controlled at high response with 

high precision. 

If the responsivity is sacrificed, a moving- 

■nagnet type or moving-coil type linear motor, or an 
electromagnetic solenoid, or the like may be used as one 
example of the axial direction drive device that drives the 
piston. in this case, constraints on the stroke are 
dissolved. 

As can ,be understood from Equation (11) or the 
graphs of Figs. 4 and 5, generated pressure and flow rate 
due to a squeeze effect result in such a waveform that the 
phase is advanced by A9=n/2 over the displacement input 
waveform of the gap between the piston end face and its 
opposing surface. That is, the fluid is discharged during 
sections in which the piston is descending (dh/dt<0) . For 
example, in the case where the intermittent application is 
performed while the substrate to be coated is being moved 
by the stage, in order that coating application is achieved 
at high positional precision by aiming at coating places, 
• it is appropriate to set a coincident timing for both the 
stage and the displacement input signal Sh by taking into 
consideration that the phase of coating application is 
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advanced by A6=n/2 over the displacement input signal Sh of 
the piston gap. For example, the stage may be moved while 
the piston is ascending, and after a stop, the piston may 
be lowered and then the coating application is performed on 

an object substrate. 

Figs. 23A and 23B show an example to which the 
present invention is applied in a case where a bimorph type 
piezoelectric element which is used in printers or the like. 
The bimorph type piezoelectric element is used to make up 
relatively moving surfaces, and communicates a discharge 
chamber, which is defined between these two surfaces, and a 
thread groove pump, which is one example of a fluid supply 
device, with each other. 

Reference numeral 900 denotes a main shaft which 
is housed in a housing 901 so as to be movable in the 
rotational direction. The main shaft 900 is driven into 
rotation by a motor 902. Numeral 903 denotes a thread 
groove formed in relatively moving surfaces of the main 
shaft 900 and the housing 901. In this application example, 
the supply-source pump as one example of the fluid supply 
device is given by using a thread groove pump in which the 
groove 903 is formed on the surface of the extremely- small- 
• diameter main shaft 900 or on an inner surface of the 
housing 901 that houses this main shaft 900. This micro 
thread groove pump serves as one example of a common fluid 
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supply device for supplying the fluid to a plurality of 
discharge chambers. Numeral 904 denotes a suction port of 
a fluid, 905 denotes a thin-plate diaphragm, 906 denotes a 
bimorph type piezoelectric element for deforming the 
diaphragm 905 in the thicknesswise direction (one example 
of a drive device in the gap direction) , and 907 denotes a 
discharge nozzle fitted to the housing 901. A discharge- 
side end face of the diaphragm 905 and its fixed-side 
opposing surface serve as the two surfaces that relatively 
move to each other along the gap direction, and a space 
defined by these two surfaces is a discharge chamber 908. 
Numeral 909 denotes a main shaft end portion, and 910 
denotes a flow passage that connects the main shaft end 
portion 909 and the discharge chamber 908 to each other. 
Whereas the piezoelectric actuator is available in several 
fashions according to the form of use in which the 
piezoelectric element is modified, yet this application 
example employs a fashion in which oscillation plates and 
piezoelectric members are stacked so that flexure of the 
oscillation plates due to planar-directed expansion and 
contraction of the piezoelectric members is utilized. In 
this case, since a large number of multi-heads can be 
integrated in one application unit depending on high- 
density nozzle arrays, the productivity is greatly improved. 
Further, in this application example, there is no throttle 
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(corresponding to 656 of Fig. 28) on the flow passage 910 
that connects one example of the fluid supply device and 
the discharge chamber 908 to each other, as would be 
necessary in the case of conventional ink jet type. By 
virtue of the absence of the throttle that could cause 
filling delays in the suction of the high- viscosity fluid 
into the discharge chamber, it become allowable to use 
high-viscosity fluids, as compared with the conventional 
ink jet type. For example, as compared with the 
conventional ink jet type that has been limited to 
viscosities around 100 mPa-s, it become feasible to treat 
more than ten times higher viscosity fluids. In order to 
compensate flow-rate variations among the individual heads, 
a flow-rate compensating function (device) may also be 
provided on the way of the flow passage leading from the 
thread groove pump to each nozzle, as shown in the fourth 
embodiment. However, even in this case, the fluid 
resistance of a throttle required for the flow rate 
compensation can be made small enough to keep the high- 
speed intermittent application from troubles. 

In this application example, the principle of 
generation of discharge pressure includes not only the 
primary and secondary squeeze pressures but also a pressure 
due to elastic waves propagated in the liquid. However, in 
this case also, the high internal resistance of the thread 
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groove pump prevents baclcflow of the fluid, thereby 
producing an effect that the fluid is let to efficiently 
flow out from the discharge nozzle, similarly. 

The more the piston, or the diaphragm equivalent 
to this piston, is driven at higher frequencies, the more 
the intermittent application limitlessly approaches the 
continuous application. This intermittent application may 
be exploited for pseudo-continuation so as to depict a 

continuous line. 

In this case, for the control of flow rate as a 
continuous line, a method similar to that for the control 
of application amount per dot can be applied. 

Further, as a time delay factor, a small-diameter, 
long pipe may be fitted on the discharge side, and with a 
construction that the discharge nozzle is provided at a tip 
end of the pipe, the pseudo-continuation becomes 
implementable at even lower frequencies. 

The present invention, which allows micro-small 
quantities of fluid to be intermittently discharged at high 
speed and high precision, can be applied to various uses 
without being limited to the coating technique. For 
example, the present invention is applicable also as method 
and device for manufacturing micro lenses which are used 
for DVD-use optical pickups, cameras, printers, or the like, 
instead of conventional glass molding process. 
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Although the above description has been made only 
on the intermittent application, yet the constitution of 
the application devices disclosed in <2> Specific 
embodiments or working examples, or <3> Multi-head 
dispenser can also be applied to continuous application. 
In this case, the flow rate may be controlled by varying 
the gap between the piston end face and its opposing 
surface. Otherwise, the start- and terminal-end of the 
application line can be controlled by utilizing the 
generation of squeeze pressure due to ascent and descent of 
the piston. 

By the method and device for discharging fluid 
according to the present invention, the following working 
effects can be obtained. That is, the fluid discharge 

method and device are: 

(1) capable of treating high-viscosity fluids of the 
order of several thousands to several tens of thousands 
mPa- s (cps) ; 

(2) free from generation of clogging even with fluid 
discharging materials having powder size of several pm 
more; 

(3) capable of performing even the intermittent fluid 
discharge at short cycle on the order of msec or lower; 

(4) capable of making the to-be-discharged fluid flown 
to a large distance from a point 0.5 to 1.0 mm distant from 
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the discharge nozzle; 

(5 ) capable of ensuring a fluid discharge amount per 

dot with high precision; and 

(6 ) capable of easily implementing a multi-head 
construction and simple in structure. 

When the present invention is used, for example, 
for fluorescent-material coating of PDPs and CRT displays, 
the formation of electrodes, dispensers for surface 
hunting, the molding of micro-lenses, and so forth, its 
merits can be fully exhibited, and immense effects can be 
obtained. 

Although the present invention has been fully 
described in connection with the preferred embodiments 
thereof with reference to the accompanying drawings, it is 
to be noted that various changes and modifications are 
apparent to those skilled in the art. Such changes and 
modifications are to be understood as included within the 

scope of the present invention as defined by the appended 

claims unless they depart therefrom. 
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